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ABSTRACT 
The ALG7 gene encodes the tunicamycin-sensitive, dolichol-P-dependent N-
acetylglucosamine-1-phosphate transferase, GPT, that catalyzes the synthesis of the first dolichol-
linked sugar, Dol-PP-GlcNAc, in the N-glycosylation pathway. ALG7 has been evQlutionarily 
conserved and is essential for growth in all eukaryotes. The ALG7 gene expression in yeast is 
known to be regulated in part by the 3' untranslated regions (UTR) of the ALG7 multiple 
transcripts at the posttranscriptional level. To examine the regulatory features of the mammalian 
ALG7 gene, cloning and characterization of the hamster ALG7 mRNAs were undertaken. 
Polymerase chain reaction (PCR) using a single ALG7 gene-specific primer was performed to 
clone the cDNAs corresponding to the 3' and 5' ends of the ALG7 mRNAs from the Chinese 
hamster ovary (CHO) cells. The initial Northern blot analysis using a hamster ALG7 genomic 
DNA as a probe has shown that in the CHO cells the ALG7 gene is transcribed into three major 
messages, approximately 1.5, 1.9, and 2.2 kb in size. The 1.9 kb transcripts were cloned and 
sequenced. There is one consensus polyadenylation signal AAUAAA located 12 nucleotides (nt) 
upstream to the major poly(A) site. Three additional minor poly(A) sites are located at 18, 21 
and 29 nt downstream from the AAUAAA sequence in this 1.9 kb class of mRNAs. The 1.5 kb 
transcripts was shown to share the 3' ends with the 1. 9 kb species and most likely to arise by 
the alternative transcription initiation site usage, while the 2.2 kb mRNA shares the 5' end with 
the 1.9 kb species, but differs in the length of its 3' untranslated region. Secondary structure 
analysis showed that sequences in the 3' UTRs of the 1.5 and 1.9 kb mRNAs can form 
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thermodynamically stable stem-loop structures. This resembles the yeast ALG7 transcripts which 
also can form these secondary structures near their 3' ends. In addition, several sequence motifs 
used for 3' end transcript processing in yeast have been conserved in the 3' untranslated region 
of the hamster 1. 5 and 1. 9 kb transcripts. The PCR amplification of the 5' end( s) showed only 
one major and one minor cDNA species, corresponding to the predicted 5' ends for tp.e 1.9 and 
1.5 kb transcripts. Consistent with this, Northern blot analysis analyses using a 100 bp cDNA 
spanning only the 5' UTR region as a probe did not detect the 1.5 kb species. This indicates that 
the 1.5 kb mRNAs have different sequences in the 5' -UTR, possibly due to utilization of 
different transcription initiation sites, located downstream from those used by the 2.2 and 1.9 
kb species. We conclude that although the hamster ALG7 mRNAs are more complex than the 
yeast species, certain features of their transcription patterns, like 3' heterogeneity, resemble the 
yeast ALG7 transcripts, suggesting evolutionary conservation. 
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INTRODUCTION 
Protein glycosylation at the asparagine residues, N-glycosylation, is obligatory for 
eukaryotic cell function. The physiological significance of N-glycosylation is emphasized by the 
fact that terminal glycosylation sequences of N-glycoproteins are increasingly recognized for their 
roles in mediating biological recognition (Feizi, 1985; Rademacher et al., 1988). For example, 
N-linked sugar chains of glycoproteins serve as recognition structures for endogenous ligands, 
components of receptor systems, differentiation antigens, and tumor associated antigens 
(Rademacher et al., 1988). Furthermore, alterations in the N-linked oligosaccharide composition 
have been shown to accompany developmental programs, tissue specialization, and establishment 
of such disease states as the acquired dysfibrinogenemia, the I-cell disease, pseudo-Hurler 
polydystrophy, and rheumatoid arthritis (Rademacher, et al., 1988). Expression of specific 
oligosaccharide structures on cells has also been suggested to contribute to their tumorigenic or 
metastatic behavior (Feizi and Childs, 1985; Rademacher et al., 1988). 
N-glycoproteins acquire their oligosaccharide chains from a common lipid-linked 
precursor oligosaccharide, Dol-PP-GlcNAc 2Man9Glc3 (LLO), synthesized by a sequential transfer 
of specific monosaccharides from activated nucleotide or lipid donors to the lipid carrier, 
dolichol-phosphate (Dol-P). The synthesis of the LLO is catalyzed by the early N-glycosyltra-
nsferases in the membrane of the endoplasmic reticulum. The initial steps in the LLO synthesis 
are critical to cell function since their inhibition causes cell death in all eukaryotes (Kukuruzinska 
and Robbins, 1987). Moreover, changes in the activities of the early N-glycosyltransferases have 
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been shown to accompany development and differentiation (Singh and Lucas, 1981; Haynes and 
Lucas, 1983; Lin and Kukuruzinska, 1990). 
Previous studies have shown that in the yeast S. cerevisiae, which shares the early steps 
of N-glycosylation with higher eukaryotes, the activity of the N-glycosylation function is 
regulated at the level of transcript accumulation at the very first step in the pathway. This 
reaction is catalyzed by the dolichol-P-dependent N-acetylglucosamine-1-phosphate transferase, 
GPT, encoded by the ALG7 gene. The ALG7 gene has been cloned from yeast (Rine et al., 
1983) and from the Chinese hamster ovary (CHO) cells (Scocca and Krag, 1990; Zhu and 
Lehrman, 1990). To date, the physiological significance of the ALG7 gene has been studied most 
extensively in yeast, in which a direct relationship between the cellular activity of GPT and cell 
function has been documented. Changes in the cellular activity of the GPT have dramatic effects 
on the yeast cell growth and development (Kukuruzinska, in press). 
The yeast ALG7 gene expression is growth-dependent modulated in response to 
environmental cues (Chen and Kukuruzinska, 1990). ALG7 gives rise to multiple mRNAs of 
two classes, 1.4 and 1.6 kb. Both classes of mRNAs have the same coding sequences but differ 
in the lengths of their 3' untranslated .regions (3'-UTR) (Kukuruzinska and Robbins, 1987). The 
1.6 kb transcripts appear to be less competent translationally than the 1.4 kb mRNAs due to the 
presence of additional noncoding sequences. ALG7 expression is partly regulated by changes in 
the levels and ratios of the 1.4 and 1.6 kb mRNAs. The ratio between the mRNAs determines 
the amount of the GPT protein, which, in tum, affects the available pool of LLO (Pan and 
Elbein, 1990). In the 3Ell CHO mutant cells with elevated activity of GPT, the level of the 
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LLO is higher than in the wild type (Pan and Elbein, 1990). Even small changes in the GPT 
levels alter N-glycosylation characteristics of cells and directly affect cell physiology. A 3-fold 
decrease in the GPT level in yeast results in slower spore germination and cell cycle arrest at the 
GI phase (Kukuruzinska, in press). Thus, the 3'-UTR heterogeneity of the ALG7 mRNAs 
represents an important regulatory feature, and production of multiple mRNAs differing in their 
3'-UTR may be an important way of modulating the levels of the GPT protein product. 
The goal of this research was to characterize the hamster ALG7 gene expression at the 
level of transcript production. Since ALG7 has been conserved functionally throughout evolution, 
the hypothesis was that the major features of ALG7 gene regulation in yeast would be maintained 
in animal tissues. In view of the fact that the yeast ALG7 expression has been shown to be 
regulated by production of multiple mRNAs differing in the lengths of their 3'-UTRs, it was of 
particular interest to examine the 3' -UTR(s) of the hamster ALG7 mRNAs. This present study 
presents the evidence that the hamster ALG7 gene is also transcribed into multiple transcripts and 
the heterogeneity resides mainly in the 3 '-UTR. Possible involvement of alternative transcrip-
tional initiation and alternative splicing is discussed. 
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LITERATURE REVIEW 
ASP ARAGINE- (N-)LINKED GL YCOPROTEINS: FUNCTIONAL SIGNIFICANCE 
AND REGULATION 
Glycoproteins are ubiquitous in nature and they are found in all eukaryotes. ,Two most 
prevalent types of covalent modification of proteins with glycans are N-linked and O-linked. The 
biosynthetic pathways for each type of glycosylation are different. The O-linked glycosylation 
is relatively simple and less thoroughly studied compared to N-linked. The O-linked glycosylation 
involves addition of only one monosaccharide to Ser/Thr before more carbohydrates are added 
to this first peptide-linked monosaccharide. In contrast, N-glycosylation takes place via transfer 
of a fourteen sugar oligosaccharide moiety, Glc;ihlan9GlcNAc2, from the lipid carrier, dolichol, 
to the polypeptide, resulting in the GlcNAc-Asn linkage. The O-glycosidic linkage can be 
GalNAc-Ser/Thr, xylosyl-Ser, Gal-Ser, Man-Ser/Thr, etc. depending on different proteins and 
species, whereas the linkage for N-glycosylation is GlcNAc-Asn. 
Asparagine or N-linked glycoproteins perform many important biological functions 
including cell-cell recognition, hormone-receptor binding, interactions between microorganisms 
and their hosts, protein targeting, malignant transformation, and phagocytosis (Kukuruzinska et 
al., 1987). Since the goal of this research was to examine the expression of the first N-
glycosylation gene, ALG7, this literature review focuses only on N-linked glycosylation, in terms 
of the biosynthetic pathway and regulation. 
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I. Biological Functions of N-Linked Carbohydrate Chains 
The carbohydrate moieties of glycoproteins perform important biological roles. These 
include stabilization of protein conformation, specification of human blood types , control of 
lifetime of glycoproteins in the circulatory system of higher animals and control of glycoprotein 
uptake by cells . Carbohydrates of cell membrane glycoproteins play crucia~ roles in 
differentiation, growth, and intercellular recognition as well as pathological processes , including 
malignancy (Rademacher et al . , 1988). 
The extent of N-glycosylation can control the bioactivity of a polypeptide. This is evident 
in the case of lgE synthesis , regulated by the IgE-binding protein . Depending on the occupancy 
of glycosylation sequons, this regulatory protein either enhances or suppress IgE synthesis (Huff 
et al., 1986). Likewise, the physiological consequence of N-glycosylation of the extrinsic tissue 
plasminogen activator, tP A, is to down regulate its activity , or prevent it from converting 
plasminogen to plasmin in the absence of a fibrin clot (Rademacher et al., 1988). Thus, N-
glycosylation may provide greater control and sensitivity to tP A mediated thrombolysis. Although 
glycosylation is not a prerequisite for some proteins' secretion, it has been shown to affect the 
rate of intracellular transport. For example, the occupancy of N-linked glycosylation sites on tPA 
is associated with the efficiency of its secretion (Domer et al., 1987). 
Carbohydrates in soluble glycoproteins may modify the physicochemical properties of 
proteins by changing their hydrophobicity, electrical charge, mass, and size. Sugar rich 
glycoproteins are more resistant to proteolysis in vitro than are nonglycosylated proteins . If the 
unglycosylated protein is not able to fold correctly, then it may either be degraded, or be 
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insoluble and precipitate within the cell (Elbein, 1991). In some biological systems, the 
recognition is a key signal to direct the glycoprotein to a specific location in the cell. For 
example, targeting of lysosomal enzymes (N-glycoproteins) from the ER to their ultimate 
destination in the lysosomes requires a series of interactions between various cellular components 
and protein and carbohydrate signals on the lysosomal enzymes. The mannose-6,phosphate 
residue is, in fact, the marker that directs these proteins' sorting and a defect in this processes 
leads to I-cell disease (Rademacher et al., 1988). 
In the asialoglycoprotein receptor (ASGPR) system, asialogycoproteins, i.e. glycoproteins 
with non-reducing terminal galactose or N-GlcNAc exposed due to the removal of sialic acid, 
are taken up by the liver cells through clathrin coated vesicles. There are cell-surface 
carbohydrates in glycoproteins involved in recognition, such as for influenza virus attachment 
(Paulson et al., 1982), and the most well-known erythrocyte surface marker A, B, and O blood 
group (Sharon and Lis, 1981). There are a number of cases where carbohydrate structures have 
been shown to be important immunogenic components. For example, in the glycoprotein 
uromodulin, the attached carbohydrate chains have been shown to inhibit antigen-driven T-cell 
proliferation in vitro (Elbein, 1991). The cell-surface carbohydrates have also been shown to be 
important in intercellular adhesion and in functions such as fertilization, differentiation, 
development, oncogenesis and host-parasite interactions. The well-studied system of cell-cell 
interaction involves sexual mating in yeast (Elbein, 1991). Many cell adhesion molecules, such 
as N-CAM or L-CAM are N-glycoproteins and their carbohydrate groups appear to be essential 
for proper functioning of these molecules (Elbein, 1991). Basset and Spooner (1987) found that 
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N-glycosylation may be involved in the growth-expansion aspect of the newly-formed lobules in 
the developing mouse salivary gland. 
II. Biosynthetic Pathway of N-Linked Glycosylation 
In all eukaryotic cells , biosynthesis of glycoproteins with asparagine-linked glyc;ans begins 
in the rough endoplasmic reticulum (RER) and it is completed in the Golgi . Specifically , the N-
linked glycosylation pathway is initiated with the assembly of a large , high mannose precursor 
oligosaccharide (LLO). This species is not assembled on the protein but it is synthesized while 
linked to a lipid carrier, dolichol(Dol); completed oligosaccharide chains are then transferred 
from lipid to acceptor proteins (Hubbard and Ivatt, 1981; Kornfeld and Kornfeld , 1985). 
Subsequently the high mannose oligosaccharide on the N-glycosylated protein is further modified 
in the RER and the Golgi. 
Two major types of glycosyltransferases, residing in the membranes of the endoplasmic 
reticulum and the Golgi, participate in the asparagine-(N)-linked protein glycosylation pathway. 
They involve either the synthesis of the lipid-linked oligosaccharide intermediate , (early 
glycosyltransferases), or in the modification of the oligosaccharide structures on individual N-
glycoproteins (terminal glycosidase and glycosyltransferases) . The differences in the glycoprotein 
synthesis between yeast and animal cells occur only in the later processing steps in the Golgi 
(Kukuruzinska et al., 1987). 
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A. Assembly and transfer of the lipid-linked oligosaccharide 
The oligosaccharide is assembled in the endoplasmic reticulum on the lipid carrier 
dolichol phosphate. The sugars are added in a stepwise fashion with the first seven sugars (two 
GlcNAc and five Man residues) derived from the nucleotide sugars , UDP-GlcNAc and GDP-
Man. The next seven sugars (four Man and three Gk residues) are derived from the lipid 
intermediates, Dol-P-Man and Dol-P-Glc (Fig. 1). It has been suggested that Man5GlcNAei 
species is assembled on the cytoplasmic side of the ER membrane and then it is translocated to 
the lumenal side where it is completed and transferred to protein (Hubbard and Ivatt , 1981; 
Kornfeld and Kornfeld, 1985). 
B. Transfer to peptide acceptor 
Glycosylated asparagines almost always occur in the sequence Asn-X-Ser/Thr where X 
can be any amino acid except for possible proline and aspartic acid (Kornfeld and Kornfeld, 
1985). The efficiency of protein glycosylation is dependent on a sufficient pool of completely 
assembled and glycosylated lipid-linked oligosaccharide donor, an adequate activity of 
oligosaccharyltransferase, and a properly oriented and accessible Asn-X-Ser/Thr sequence in the 
acceptor protein (Kornfeld and Kornfeld, 1985). 
Examination of protein sequence has revealed that only one third of the potential Asn-X-
Ser /Thr sites in a protein are actually glycosylated (Kronquist and Lennarz, 1978). Favorable 
conformation is needed to provide correct hydrogen bonding as well as adequate accessibility to 
the oligosccharyltransferase. Since glycosylation occurs cotranslationally, the asparagine that is 
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to be glycosylated is part of a growing polypeptide that is in the process of folding. Once the 
protein has folded, potential glycosylation sites are no longer accessible to oligoasaccharytransfe-
rase (Kornfeld and Kornfeld, 1985). 
C. Oligosaccharide processing 
Kornfeld and Kornfeld (1985) outlined 11 reactions for the processing events (Fig. 2). 
The precursor Glc3Ma{½GlcNAei s transferred from the lipid donor to an asparagine in a nascent 
polypeptide during its vectorial transport across the membrane of the RER (reaction 1). 
Processing is initiated by the removal of the terminal glucose residues by a specific al,2 
glucosidase I (reaction 2). The two inner glucose residue are then removed (reaction 3) by a 
single a 1, 3 specific glucosidase II. These glucosidases are located in the membranes of the RER 
as is a specific a-mannosidase which catalyzes the removal of at least one al,2-linked mannose 
residue (reaction 4). These processing events occur cotranslationally for the viral membrane 
glycoprotein of vesicular stomatitis virus-infected HeLa cells (Atkinson and Lee, 1984). In some 
glycoproteins the glycosylation event may occur after the polypeptide chain is completely 
synthesized (Hubbard and Robbins, 1979). The newly synthesized glycoproteins are in the 
proximity to the cis Golgi cisternae. The rate at which these proteins exit the RER varies 
depending on the specific glycoprotein and the tissue examined (Gabel and Kornfeld, 1984; 
Lodish et al., 1983). 
A special subset of glycoproteins, the lysosomal enzymes, undergo a highly specific 
mannose phosphorylation catalyzed by two enzymes, N-acetylglucosaminyl-phosphotransferase 
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(reaction I) and N-acetylglucosamine-1-phosphodiester a-N-acetylglucosaminida se (reaction II), 
which have been localized to a dense Golgi membrane subfraction presumed to correspond to the 
cis Golgi cisternae (Fig. 2). 
The high mannose oligosaccharides on nonlysosomal glycoproteins can be further trimmed 
by the Golgi al ,2 mannosidase (Golgi Mannosidase I) to yield a Ma11sGicNAc; structure 
(reaction 5). This reaction is believed to occur either in the cis or the medial cisternae . In the 
medial cisternae, those oligosaccharide chains destined to become complex-type structures are 
further processed by addition of a N-acetylglucosamine residue catalyzed by N-
acetylglucosaminyl-transferase I (reaction 6), followed by the removal of two mannose residues 
by Golgi a-mannosidase II (reaction 7) and the subsequent addition of another outer chain N-
acetylglucosamine residue catalyzed by N-acetylglucasaminyltransferase II (reaction 8). At this 
stage fucosyltransferase may act to transfer a fucose residue to the innermost GlcNAc residue on 
the oligosaccharide (reaction 9). The final steps of complex oligosaccharide synthesis occur in 
the trans Golgi cisternae and consist of addition of outer chain galactose and sialic acid residues 
catalyzed by galactosyl- and sialyl-transferase in reactions 10 and 11. Other terminal sugar 
additions must also occur at this stage. The newly synthesized glycoproteins then exit the Golgi 
and are transported to their final destination. 
III. Features of N-Linked Glycoproteins 
A. Structures of asparagine-linked oligosaccharides 
The asparagine-linked oligosaccharide of eukaryotic glycoproteins have heterogeneous 
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structures that generally fall into three main categories (Kornfeld and Kornfeld, 1985) : high 
mannose, hybrid, and complex (Fig. 3). 
All asparagine-linked oligosaccharides share the common core structure, Mancd-
3(Mano: l-6)ManJH-4GlcNAc61-4GlcNAc-Asn (boxed area in Fig. 3), but they differ in their 
outer branches. The high mannose-type oligosaccharides typically have two to six ,additional 
mannose residues linked to the pentasaccharide core. The hybrid-type structures mostly contain 
a "bisecting" GlcNAc bound in a 61,4 linkage to the innermost mannose residue. The complex-
type oligosaccharides contain two outer branches with the typical sialyllactosamine sequence and 
they show two other commonly found substituents, namely a fucose in o:1,6 linkage to the 
innermost GlcNAc residue, and a "bisecting" GlcNAc linked 61,4 to the innermost mannose 
residue. 
B. Glycoforms: tissue- and species-specific N-glycosylation 
The characteristics of a given polypeptide N-glycosylation can be summarized as follows: 
a) different glycoproteins from the same cell may contain different oligosaccharide structures; 
b) an individual polypeptide usually carries several different structures; c) many structures are 
found at the same glycosylation site (site heterogeneity); d) the pattern of oligosaccharide 
heterogeneity at a single glycosylation site during a constant physiological condition is 
reproducible and not random; e) the cell-type plays a role in oligosaccharide processing. 
Therefore, N-glycosylation serves to create discrete subsets or glycoforms of a 
glycoprotein with different physical and biochemical properties. This production of N-
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glycoprotein glycofonns leads to functional diversity. The number of possible glycoforms 
increases with number of glycosylation sites and heterogeneity at each site. 
Synthesis of various N-glycoprotein glycoforms is not a random event, but rather occurs 
as a result of controlled variation in the oligosaccharide structures. Depending on the 
physiological state an organism expresses a unique set of glycofonns for a given N-gly,coprotein. 
This unique glycosylation capacity of a cell gives rise to cell-type-specific glycosylation pattern, 
or defines its glycotype. Examples include controlled variations in the N-glycosylation of human 
serum transcortin and thyroxine-binding globulin during pregnancy (Rademacher et al., 1988) 
), changes in hepatic N-glycosylation of a-antitrypsin and a-acid glycoprotein during acute 
inflammation (Rademacher et al., 1988). 
Glycosylation at a particular site is believed to be controlled by expression of a selective 
glycosylation capacity of the tissue synthesizing that polypeptide, giving rise to a tissue-specific 
glycotype (Rademacher et al., 1988). N-linked oligosaccharides have been shown to modulate 
binding properties of the extracellular matrix N-glycoprotein, fibronectin (Rademacher et al., 
1988). The differential expression of fibronectin glycofonns could result in fine control of 
fibrillar network as may be required at different stages of development (Rademacher et al. , 
1988). 
A comparison of the glycopeptides of the HLA-DR antigen from a human melanoma and 
6-lymphoblastoid cell lines from the same individual indicates clear differences in the N-
glycosylation of the HLA-DR antigen in the two tissues, both with respect to the size of 
associated oligosaccharides and the extent of sialylation (Alexander et al., 1984). Sialylation of 
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murine la antigen has also been shown to differ between murine B-cells and murine adherent 
cell (Cullen et al., 1981), and this difference may be important in terms of the antigen-presenting 
ability of the two cell-types (Cowing and Chapdelaine, 1983). 
N-glycosylation of r-glutamyl transpeptidase (r-GTP) varies depending on whether it is 
expressed in liver and kidney of bovine, mouse, and rat species. Mouse kidney r-GT,P contains 
oligosaccharides with outer-arm fucose, a linkage that is totally absent in rat and bovine kidney 
r-GTP. Rat liver r-GTP differs from mouse and bovine liver r-GTP in the degree of branching 
and sialylation of its attached N-linked oligosaccharides (Kobata, 1984). 
C. Alterations in sugar composition in disease 
Recently, numerous studies have provided evidence for the involvement of N-linked 
oligosaccharide structures in various pathological conditions. The increase in relative incidence 
of the serum asialo-transferrin glycoforms has been shown to accompany heavy alcohol 
consumption. Although the mechanism of production of the asialo-transferrin has not been 
established, it has been reported that ethanol may inhibit glycosylation of glycoproteins 
(Rademacher et al., 1986). 
The analysis of the carbohydrate content of IgG from patients with cystic fibrosis has 
confirmed an altered monosaccharide composition compared to total IgG from normal individuals 
(Morse, 1986). Changes in the glycosylation of the serum antibody IgG in patients with 
rheumatoid arthritis have been well documented (Rademacher et al., 1986). Serum IgG from 
patients with rheumatoid arthritis contains the same set of biantennary oligosaccharides found in 
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normal individuals, but the incidence of structures with outer-arm galactose is dramatically 
decreased, and the incidence of those structures terminating in outer-arm N-acetylglucosamine 
is correspondingly increased. IgG present in the intermediate complex in the serum of patients 
with rheumatoid arthritis has been shown to have an unusually high sialic acid content. These 
immune complexes are unusual in that they consist predominantly of lgG implying that this 
molecule is both antibody and immunogen in this disease. Changes in N-glycosylation of the 
Fe associated with rheumatoid arthritis suggest that they render the Fe immunogenic in this 
disease (Rademacher et al., 1986). 
Expression of specific oligosaccharide structures on cells may contribute to their 
tumorigenic or metastatic behavior. Comparative studies of cell-surface oligosaccharide structures 
present on baby hamster kidney (BHK) cells following viral transformation by either the Rous 
Sarcoma virus or the polyoma virus have demonstrated an increase in Asn-linked complex-type 
oligosaccharides containing N-acety lglucosamine residue linked .B 1--> 6 to mannose (Yamashita 
et al., 1985; Pierce and Arango, 1986). In addition, J. W. Dennis et al. (1987) demonstrated 
direct correlation of beta-1-6 branching of N-linked oligosaccharide with metastasis. They found 
that a shift in the glycoform population of the cell-surface glycoprotein (gp130) correlates with 
intracellular levels of GlcNAc transferase V and in a linear way with the metastatic potential of 
tumor cell lines. 
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IV. Essentiality of N-Glycosylation 
The involvement of specific cell surface carbohydrates in growth and development 
implies that cells exert control over their glycosylation machinery to produce glycosylation 
sequences in a cell type-specific and developmentally regulated manner. Protein N-glycosylation 
is obligatory for eukaryotic cell growth and function, since inhibition of the initial steps in the 
lipid-linked intermediate synthesis causes cell death in all eukaryotes. The early N-
glycosyltransferases catalyze the synthesis of the lipid-linked oligosaccharide precursor, Dol-PP-
GlcNAc2Man9Glc3 (LLO), by sequential transfer of specific monosaccharides to the lipid, 
dolichol-phosphate. A number of studies have shown that changes in the activities of the dolichol 
pathway enzymes accompany development and differentiation (Lennarz, 1985; Oda-Tamai et al., 
1989). 
Studies with the yeast S. cerevisiae have shown that the first 5 steps in the synthesis of 
the lipid-linked oligosaccharide, the synthesis of Dol-PP-GlcNAeiMangGl½, are indispensable to 
growth (Kukuruzinska et al., 1987). Hence, the essentiality of the N-glycosylation function 
resides in the initial steps of the synthesis of the lipid-linked precursor oligosaccharide in the 
endoplasmic reticulum. The first committed reaction in this lipid-linked pathway is catalyzed by 
the tunicamycin sensitive, Dol-P dependent N-acetylglucosamine-1-phosphate transferase, GPT, 
encoded by the ALG7 gene (Lehle and Tanner, 1976; Kuo and Lampen, 1974; Rine et al., 
1983). This enzyme transfers the N-acetylglucosamine phosphate moiety from UDP-N-
acetylglucosamine onto dolichol phosphate to form Dol-PP-GlcNAc. The subsequent essential 
reaction involves addition of another GlcNAc residue, and it is followed by the sequential 
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addition of three mannose residues. All these reactions are catalyzed by glycosyltransferases 
exhibiting stringent substrate specificities. The following steps the synthesis of Dol-PP-
GlcNAc2Man9Glc3 are carried out by transferases with more relaxed specificities, since inhibition 
of their activities does not interfere with cell function; merely, altered lipid-linked structures are 
synthesized and transferred to protein acceptors (Kukuruzinska et al. , 1987) 
According to the recent studies by Kukuruzinska (1992), mutant yeasts, produced by 
deletion of a part of the 3' untranslated region (3'-UTR) of the ALG7 gene, were larger than the 
wild type cells and tended to accumulate together. This was probably because of the reduced 
amount of N-glycoprotein production. Indeed, addition of a N-acetylglucosamine containing 
antibiotic and a specific inhibitor of GPT, tunicamycin, decreased the yield of N-glycoproteins 
(Kuo and Lampen, 1974; Lehle and Tanner, 1976). Furthermore, Criscuolo and Krag (1982) 
obtained tunicamycin resistant Chinese hamster ovary (CHO) cells by addition of progressive 
increments of tunicamycin to the medium. They found increased GPT activity in the mutant 
cells but the same rate of N-linked glycoprotein biosynthesis as compared to the wild type cells. 
This suggested that the GPT is so important that when it is inhibited, the only way to survive 
is to increase the GPT activity in order to maintain normal function. A similar study was carried 
out by Lehrman et al. (1988) who found that when the mutant CHO cells were resistant to 
tunicamycin, there was a 10-fold elevated level of the GPT activity. 
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V. Regulation of N-Glycosylation 
N-glycosylation does not depend on a single rate-limiting step, but rather it depends on 
the interplay of a number of enzymes and substrates. Rosenwald et al. (1990) examined changes 
in the levels of the dolichol phosphate pools in Chinese hamster ovary (CHO) cells. They found 
that all three enzymes, GPT, Man-P-Dol synthase, and Glc-P-Dol synthase, appe~ to have 
access to the same pool of dolichol phosphate needed for the oligosaccharyl-P-P-dolichol biosynt-
hetic pathway. These three enzymes are generally in balance with one another. When one activity 
is more abundant, as is the GPT in 3El 1 cells grown in the absence of tunicamycin, the other 
two decrease. 
While the biosynthesis and turnover of dol-P are important factors in determining the 
amount of flux through the N-glycosylation pathway, the major point in controlling the extent 
of N-glycosylation appears to be exerted at the level of the first enzyme in the LLO pathway, 
or GPT (Pan and Elbein, 1990). The level of the GPT affects the amount of the LLO for protein 
N-glycosylation in the CHO cells (Pan and Elbein, 1990). Using molecular approaches it has also 
been shown that the N-glycosylation potential of yeast cells is regulated by the activity of GPT 
(Kukuruzinska, 1992 a,b). 
VI. The ALG7 Gene and Its Role in Regulation of N-Glycosylation 
Molecular control of N-glycosylation: the ALG7 gene. GPT, encoded by ALG7 gene, 
catalyzes the first step in the dolichol pathway of protein N-glycosylation, the synthesis of the 
lipid-linked sugar, Dol-PP-GlcNAc in the membrane of the endoplasmic reticulum. Perturbation 
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of ALG7 gene expression has dramatic effects on the levels of GPT in cells. Yeast cells with 
lowered activity of GPT have abnormal morphology and they are hypersensitive to tunicamycin 
(Kukuruzinska and Robbins, 1985). Studies with the yeast ALG7 gene have shown that its 
expression is growth-dependent at the level of transcript production and the cellular activity of 
GPT. Actively growing yeast cells exhibit a 50-fold higher ALG7 transcript levels than 
stationary cells, and this increase in the steady state level of mRNA correlates with a dramatic 
increase in the cellular activity of GPT (Chen and Kukuruzinska, 1990). 
It has been documented that modulation of the early N-glycosyltransferases' activities may 
be necessary for a variety of developmental events. Studies by Heifetz and Lennarz (1979) and 
Lennarz (1985) showed that a marked increase in the synthesis of N-glycoproteins accompanies 
gastrulation in the developing sea urchin embryo. They suggested that there were multiple 
regulatory mechanisms controlling the synthesis of the N-glycoproteins. By applying critical 
concentration of tunicamycin, which has little effect on the biosynthesis of the other classes of 
glycolipids or proteins, to inhibit the production of GPT, they successfully interfered the 
development of sea urchin embryo. Yavin et al. (1984) reported an inhibition of neurite 
outgrowth by tunicamycin. They proposed that the incomplete outgrowth is due to the inhibition 
of protein N-glycosylation. Surani (1979) examined the synthesis of N-glycoproteins and the 
inhibition of protein N-glycosylation by tunicamycin during the development of mouse embryos, 
and suggested that membrane-bound N-glycoproteins are important during the compaction stage 
in mouse embryos. 
Recent studies on the expression of the hamster ALG7 gene provide further proof that this 
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gene is important to mammalian cell function. Progression through postnatal development of the 
hamster submandibular gland is accompanied by changes in the levels of the ALG7 transcripts 
(Lin and Kukuruzinska, 1990). Slot blot and Northern blot analyses of equal amounts of 
poly(A) + RN As from different stages of postnatally developing hamster submandibular gland 
indicate significant decrease in the level of the ALG7 -specific transcripts (Mota and 
Kukuruzinska, 1992). These studies provide supportive evidence on a molecular level. The 
recent work with the postnatal developing of rat liver which showed that the decrease in the 
activity of GPT correlated with the available pool of the lipid-linked oligosaccharide (LLO) 
(Oda-Tamai et al., 1989). 
The developmental significance of the ALG7 gene may be exerted on various levels. 
Modulation in ALG7 expression most likely affects the biological function of N-glycoproteins 
involved in inter- and intracellular functions. This includes cell contact and migration and thus 
organization and architecture of the developing submandibular gland (SMG). Some transcription 
factors that may regulate SMG gene expression are N-glycoproteins, as are proteins involved in 
variety of metabolic functions. The association of the virulence of parasites with the increased 
activity of GPT is evidenced by the study of Kink et al. (1987) who found that an increase in 
the GPT activity may effect quantitative or qualitative changes in Leishmania's N-glycosylation 
of proteins, which play important roles in the ability of this parasites to infect macrophages. 
VII. Expression of the Yeast ALG7 Gene 
A. Complex Regulatory Features 
19 
The yeast ALG7 gene has a complex structure with multiple points for regulation. The 
yeast ALG7 gene transcript is initiated at four sites , at positions -42 , -39, -34 and -29 in relative 
to the A TG codon. Three potential TAT A elements are located upstream at position -157 and -
139 and -120 (Kukuruzinska and Robbins , 1987). Although the presence of several TAT A boxes 
correlates with the presence of multiple initiation sites, only the element at -139 is ~elieved to 
function in initiation (Fig. 4). ALG-7 gene in yeast is transcribed into two major classes of 
mRNAs , 1.4 and 1.6 kb , containing the same coding sequences but differing in the length of the 
3' untranslated regions. Both classes of transcripts use all four transcription initiation sites. Each 
class of transcripts itself exhibits 3' end heterogeneity (Kukuruzinska and Robbins, 1987). 
Control of N-glycosylation via regulation of ALG- 7 expression on a posttranscriptional level is 
significant since changes in this gene's mRNA levels correlate with alterations in the cellular 
activity of the GPT. 
B. Multiple Transcripts with Alternative Polyadenylation Sites 
The ALG7 gene is transcribed into two major messages, approximately 1.4 and 1.6 
kilobase pairs in size, and this heterogeneity has been mapped to the 3' UTR (Kukuruzinska and 
Robbins , 1987) (Fig. 4) . The ratio of the two major transcripts changes with gene dosage, with 
the longer mRNA becoming more abundant in cells containing higher levels of the ALG7 gene. 
The levels of the 1.4 kb mRNAs increase after tunicamycin treatment. Also, the levels and ratios 
of ALG7 mRNAs change in different genetic backgrounds, with the amount of the 1.4 kb mRNA 
greatly increased in mutants which are defective in the later steps of ther LLO pathway. 
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C. Biological Significance of Multiple Transcript Production in Yeast: 3'-UTR Mutants 
In wild type cells the 1.4 kb class of ALG7 mRNAs is three times more abundant than 
the 1.6 kb species. This ratio appears important since a class of alg1 3' noncoding region 
mutants, in which the ratio of the ALG7 transcripts is reversed, exhibits a 3-fold lo-wer cellular 
activity of GPT compared to the wild type. These mutant cells are enlarged in size, are defective 
in sporulation, and exhibit abnormal morphology (Kukuruzinska and Robbins, 1987). The aiu 
3'-UTR mutants show diminished growth control and altered response to cycloheximide. Thus, 
the 3' non coding region of ALG7 is an important determinant for the level of cellular activity 
of GPT and cell function. 
REGULATORY EVENTS INVOLVED IN EUKARYOTE m.RNA FORMATION 
Gene expression can be regulated at many steps in the pathway from DNA to RNA to 
protein. Thus, a cell can control the production of functional protein products in a variety of 
ways. These include: 1) transcriptional control, which controls when and how often a given gene 
is transcribed; 2) RNA processing control, which controls how the primary RNA transcript is 
spliced or otherwise processed; 3) RNA transport control, or selection of completed mRNAs in 
the nucleus for export to the cytoplasm; 4) translational control, selection of mRNAs in the 
cytoplasm to be translated; 5) mRNA degradation control, involving selective destabilization of 
certain mRNA molecules in the cytoplasm. 
Controls of the initiation of gene transcription are the predominant forms of regulation 
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for most genes . Transcriptional regulation has been studied in detail and will not be discussed 
here (for review, see Mitchell and Tjian , 1989). By now, variety of controls have been 
documented to be utilized later in the pathway from RNA to protein synthesis. These controls 
are referred to as posttranscriptional regulation. Much has been learned only recently and many 
of the mechanisms are incompletely understood. Since the present study focuses on the 
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characterization of the multiple ALG7 mRNAs and especially their 3' ends, the relevant literature 
regarding the mechanisms involved in forming this multiplicity of mRNA forms will be 
discussed. 
I. Transcription Termination 
In eukaryotes, transcriptional termination is heterogeneous and depends on specific DNA 
sequences downstream of the 3' processing site(s). So far, the sequences which function to 
terminate transcription are ill-defined . It has been suggested that transcription termination occurs 
at multiple sites in a stretch of DNA extending over hundreds , or even thousands, of nucleotides 
(Hagenbuchle et al., 1984). In the chicken ovalbumin gene, - 90 % of transcription terminates 
in a discrete region 900 bp downstream of the last exon (LeMeur et al., 1984). This region 
extends over 170 bp and includes AT-rich sequences that resemble some terminal mRNA 
sequences of yeast. This suggests that tran~cription termination in eukaryotes depends on weak, 
serially-repeated termination sequences. 
In yeast CYCl gene, a consensus sequence (tripartite signal) TAG ... TAGT (or 
(TATGT) .. . (AT-rich) ... TIT was proposed as a terminator that signals transcription termination 
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at a short distance downstream from the poly(A) addition site (Zaret and Sherman, 1982; 1984). 
Different sequence motifs were also proposed for other yeast genes' terminators. Recently, Butler 
and Platt (1988) showed that 3' ends of yeast transcripts' can be formed by processing of a 
primary precursor transcript (see "RNA cleavage and polyadenylation section"). 
II. Splicing and alternative splicing 
In eukaryotic cells, synthesis of mRNA precursors is initiated by binding of RNA 
polymerase II to a promoter sequence . Shortly after initiation, the 5' end of the RNA is modified 
by addition of 7-methyl guanosine triphosphate and methylation to form the characteristic cap 
structure (7mGpppmXpmY . . . ) . As the RNA chain grows, it is thought to become organized into 
a ribonucleoproteins by association with a family of highly conserved basic proteins (Padgett et 
al., 1986). The process of splicing requires that the at the 5 ' - and 3 ' - splice sites be correctly 
cleaved and the two ends accurately joined . In the case of mRNA precursor splicing, 
evolutionarily conserved sequences at the two splice sites specify the reaction . The consensus 
region extends from the last two nucleotides in the exon through the first six nucleotides of the 
intron at the 5'- splice site AG :GU(A)AGU. The consensus at the 3'- splice site extends from 
at least the last 15 nucleotides of the intron through the first nucleotide of the exon to give a 
consensus of (U/C)uNCAG:G. An important internal site located between 20 and 50 nucleotides 
upstream of the 3 ' - splice site is called the branch site (Padgett et al . , 1986). 
The snRNPs (small nuclear ribonuclear particles) that are involved in splicing are 
ribonucleoprotein particles found in the nuclei of all eukaryotic cells. snRNPs consist of one 
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snRNP molecule, ranging in size from 56 to 217 nucleotides and a set of approximately 10 
different proteins (Maniatis and Reed, 1987). The major species, Ul, U2, U4, U5 and U6 are 
nucleoplasmic. These snRNPs are associated with the Sm antigen, which is recognized by sera 
from patients with autoimmune disease. The Ul snRNP binds to 5' splice site, U2 snRNP binds 
to the branch point, U5 snRNP interacts specifically with the 3' splice site (Maniatis and Reed, 
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1987). 
A large proportion of higher eukaryotic genes produce multiple proteins by means of 
alternative RNA splicing. Thus the same primary RNA transcript can produce a different protein 
or a set of proteins in different cell types. Many proteins are produced in tissue-specific forms 
including components of the (1) extracellular matrix, such as fibronectin; (2) cytoskeleton, such 
as tropomyosin; (3) plasma membrane, such as N-CAM; and tyrosine protein kinase encoded by 
the src proto-oncogene (Alberts et al., 1989). Regulated alternative splicing produces two 
slightly different tyrosine protein kinases from the src gene, an additional exon is included only 
in neural tissue (tissue specific splicing) (Levy et al., 1987). 
Multiple mRNAs may arise from the use of multiple sites of initiation or polyadenylatioil, 
or from the use of alternative modes of exon splicing, or from any combination of these. Many 
cellular genes encode multiple mRNAs (for review see Leff et al., 1986). Some of them produce 
mRNA heterogeneous within the 5' and 3' untranslated regions (UTRs). The UTRs are known 
to be involved in regulating translation efficiency and RNA stability. Thus, alternative 
processing involving 3' UTRs provides the potential for regulated expression of the same gene 
product in different cells (Smith et al., 1989). For example, the colony-stimulating factor- I 
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(CSF-1) gene produces two transcripts that are identical in the coding region but differ only in 
the 3'-UTRs. One 3'-UTR contains a repetitive AUUUA element that has been found to be 
involved in mRNA degradation. This suggests that CSFl expression can be regulated at the level 
of mRN A turnover according to the selection of different 3 '-untranslated sequences (Ladner et 
al., 1987). 
III. The Role for Small Nuclear RNPs in 3' Processing 
Comparative analysis of sequences at poly(A) sites suggested a role for the U4 small 
nuclear RNA in poly(A) site formation. Specifically, the U4 RNA possesses complementarity 
to both the AAUAAA and a downstream sequence in most poly(A) sites (McDevitt et al., 1984). 
U7 RNA sequence has the complementarity to the conserved motifs flanking the 3' terminus of 
the histone mRNA coding sequence. In this hypothetical hybrid structure, the terminal 
palindrome is linearized and formed mature 3' ends. 
IV. RNA Cleavage and Polyadenylation 
A. Concerted cleavage/polyadenylation 
Polyadenylation of mRNAs in yeast has been thought to be linked to transcriptional 
termination (Zare and Sherman, 1984). A consensus sequence TAG .... TAGT .. . (AT-rich) ... TTT 
was proposed as a terminator that signals transcription termination at a short distance 
downstream. CAA T /GCTTTG and TTTTT ATA have also been proposed as yeast terminators 
(Henikoff et al., 1983; Henikoff and Cohen, 1984). ATAAATAAA/G consensus sequence has 
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also been suggested as a polyadenylation signal in yeast (Bennetzen and Hall, 1982), but this 
point has received little experimental support. Butler and Platt in 1988 demonstrated the yeast 
CYCl RNA 3' end processing when they incubated in vitro synthesized pre-mRNAs that 
extended beyond the poly(A) site with yeast cell extract. The mature 3' ends of the CYCl 
mRNAs were generated by endonuceolytic cleavage and polyadenylation. Other yeast mRNAs 
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were later found to undergo the same processing events as the CYCl transcripts (Butler et al. , 
1990). Abe et al. (1990) had supportive data to these evidences in yeast GAL7 gene transcripts . 
They also identified a signal sequence (core signal) necessary to specify formation of mRNA 3' 
end of GAL7 gene. Further reports have shown that mRNA 3' end formation in yeast includes 
cleavage and polyadenylation of the precursor RNA and requires functional trans-acting factors 
similar to the system in higher eukaryotes (Chen and Moore, 1992; Patel and Butler, 1992). 
Wahle and Keller (1992) postulated that transcription termination occurs close to the site of 
poly(A) addition and that the endonucleolytic cleavage removes only a minor pieces of the 
transcript. 
In higher eukaryotes, RNA cleavage and polyadenylation of mRNAs are considered to 
be a concerted reaction. When transcripts are added exogenous to cell-free extracts, faithfully 
polyadenylated 3' mRNAs do not appear (Manley, 1983); however, if transcripts extend beyond 
the poly(A) addition site, authentic cleavage/polyadenylation is obtained in good yield (Moore 
and Sharp, 1984). In contrast, other findings suggested that poly(A) addition can be uncoupled 
from cleavage by using a substrate already having a free 3 '-OH 8 to 25 nucleotides downstream 
of AAUAAA (Bardwell et al., 1991). RNA processing involves an endonucleolytic cut in the 
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pre-mRNA (Nevins and Darnell, 1978). As soon as the 3' ends of the mRNAs become available, 
a poly(A) tail of 260-300 nucleotides is added. In some genes, this reaction can occur at more 
than one polyadenylation site (LeMeur et al., 1984). As a consequence, polyadenylated mRNAs 
of different lengths but identical coding potential are generated. 
B. The consensus polyadenylation signal sequence: AAUAAA 
AA U AAA hexanucleotide is typically located 10 to 30 nucleotides upstream of the 
polyadenylation site. Sequencing of many genes has revealed that the AAUAAA is by far the 
most predominant sequence found upstream from the poly(A) addition sites although minor 
specific nucleotide substitutions are tolerated (Birnstiel et al., 1985). This motif has been 
regarded as an element directing cleavage and polyadenylation of pre-mRNA. Most 
polyadenylation occurs at a single downstream site except some cases such as the bovine prolactin 
(Sasavage et al., 1982) and the mouse ribosomal protein L30 mRNAs where single AAUAAA 
hexamers are presented and poly(A) is added at several sites within a 12 to 14 nucleotide region 
(Weideman and Perry, 1984). 
Mutations in the conserved AAUAAA polyadenylation signal in the human globin gene 
that abolish correct 3' end formation and thus reduce the gene expression cause . thalassemias 
(Higgs et al., 1983). Bardwell et al. (1991) used site-directed ribose methylation and found that 
2'-OH groups in polyadenylation substrates are critical for AAUAAA recognition and poly(A) 
addition. Their data indicate that the specific factor interacts with AAUAAA through RNA-
protein contacts involving essential recognition of both sugars and bases at different nucleotide 
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position. The hepatitis B vrrus surface antigen mRNA has an UAUAAA that directs 
polyadenylation at three sites 13, 14, and 20 nucleotides downstream of the hexamer sequence 
(Simonsen and Levinson , 1983). 
Besides the predominant AAUAAA, the sequences AAUUAA, AAUACA, AAUAAU, 
AAUAAC, CAUAAA, AUUAAA, AUUAAA , AGUAAA, UAUAAG, and AAUAUA are also 
found in nature at an approximate distance from the poly(A) addition sites and may also be 
functional hexamers (surveyed by Birnstiel et al. , 1985) 
Some mRNAs do not contain a recognizable AAUAAA element, 1.e. no sequence 
differing in less than two nucleotides from the consensus. Many, if not all, of these cases involve 
alternative polyadenylation: of the four major mRNAs derived from the mouse dihydrofolate 
reductase gene, one lacks AAUAAA by definition given above whereas two others have unusual 
variants of the signal (Hook and Kellems, 1988). Likewise, one of the two transcripts of human 
cyclin D (Yue et al., 1991) and sperm-specific c-abl mRNA in the mouse (Meijer et al., 1987) 
lack AAUAAA. The polyadenylation pathway of any of the RNAs lacking AAUAAA is 
unknown. 
In yeast only about 50% of all mRNAs of Saccharomyces cerevisiae carry an AAUAAA 
sequence close to their 3' ends. Mutation or deletion of this sequence has no or at least not a 
very strong influence on the efficiency of 3' end formation, nor does it change the site of 
polyadenylation (Hyman et al., 1991). 3' end formation of yeast mRNA must thus use sequences 
and possibly mechanisms different from those used in metazoa. 
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C. Sequences downstream from the polyadenylation site 
Lai et al . ( 1979) were first to point out that there are conserved sequences downstream 
of the poly(A) addition site. These can often be fitted to the consensus sequence YGTGTTYY 
(McLauchlan et al., 1985). Many genes show an overrepresentation of the tri-nucleotide TGT, 
found sometimes repeated and in conjunction with oligo-T stretches, in a region about 30 bp 
' 
downstream of the AA T AAA motif. 
Studies of deletion mutants that were constructed in the region distal to the poly(A) 
addition site and assayed by transfection into human 293 cells demonstrated that 35 nucleotides 
distal to the site of poly(A) addition are sufficient for the formation of a mature E2A mRNA 
(McDevitt et al., 1984). In E2A mRNA, the sequence at the poly(A) site suggests a possible 
interaction between the downstream sequence and the AA U AAA. The sequence between + 21 
and + 32 relative to the poly(A) site is complementary to a sequence preceding and including the 
AAUAAA. Thus, there is the potential for the formation of a stem-loop structure in which the 
cleavage site would be in the exposed loop. 
Sadofsky and Alwine (1984) found that sequences on the 3' side of the AAUAAA affect 
efficiency of cleavage at the polyadenylation site. They showed that variable sized deletions 
within a region between 3 to 60 nucleotides downstream of the AA U AAA decrease the efficiency 
of cleavage at the normal SV40 late mRNA polyadenylation site. This region includes sequences 
beyond the actual cleavage site which would exist only in the precursor RNA. These data define 
a region on the 3' side of the AA U AAA which appears to be an additional element of the 
polyadenylation signal. 
29 
D. Specific factors and endonuclease(s) involved in cleavage at the mature 3' end 
In vitro, AAUAAA dependent polyadenylation is catalyzed by two separate components 
(Christofori and Keller, 1988): an AAUAAA specificity factor or PF2 and poly(A) polymerase. 
The specificity factors probably interact directly with AAUAAA, as suggested by the analysis 
of short RNA substrates using nondenaturing gel mobility retardation assays (Wigley et al., 1990) 
and UV cross-linking and modification interference experiments (Bardwell et al., 1991). This 
factor appears to be a complex of several polypeptides and may include and a snRNA component 
(Christofori and Keller, 1989). Poly(A) addition can be uncoupled from cleavage by using a 
substrate already having a free 3'-OH 8 to 25 nucleotides downstream of AAUAAA (Bardwell 
et al., 1991). Points mutations in any of the six positions of AAUAAA reduce the efficiency of 
poly(A) addition (Sheets et al., 1990). 
E. Poly(A) tails and the poly(A) binding protein 
Since the discovery of mRNA poly(A) tails two decades ago (Kates, 1970; Lim and 
Canellakis, 1970; etc.), three general models for their function have been proposed. These 
postulate a role for poly(A) in mRNA processing and transport, mRNA stability, and 
translational efficiency. 
Most data regarding poly(A) and mRNA metabolism suggests that poly(A) can protect 
mRNA from rapid destruction. Huez et al. (1978) found that histone mRNA, which normally 
lacks poly(A), became more stabilized functionally when it was polyadenylated. Similar findings 
were also obtained from the study of Peltz et al. (1987), in which they used an in vitro mRNA 
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decay system and found that the half-lives of polyadenylated globin and histone mRNA were at 
least tenfold longer than those of their deadenylated counterparts. 
mRNA is protected from degradative nucleases while its poly(A) tract contains at least 
30 to 40 residues. When more As are removed, the mRNA body is protected less efficiently and 
is rapidly destroyed (Mercer and Wake, 1985). Proto-oncogene c-fos and c-myc mRNAs are 
' 
short-lived transcripts and they represent good systems for mRNA degradation studies. Both 
systems have been shown to have the poly(A) shortening and removal precedes the degradation 
of the mRNA bodies (Wilson and Treisman, 1988; Brewer and Ross, 1988). 
Poly(A) tract is excised rapidly once it has been shortened to less than some critical length 
(30-40 residues). Poly(A) is organized into a nucleosome-like ribonucleoprotein by virtue of its 
association with poly(A) binding protein (P ABP). This protein binds with high specificity to 
poly(A) and is complexed to cytoplasmic mRNAs called messenger ribonucleoproteins (mRNPs). 
Each P ABP molecule is thought to bind 25 to 27 As and to protect them from nuclease attack. 
Thus, once a poly(A) tract has been shortened to less than about 27 As, it can no longer interact 
with a P ABP molecule and it becomes an easy target for nuclease digestion (Baer and Kornberg, 
1983; Bernstein and Ross, 1989). 
The PABP is conserved from yeast to humans and consists of two major domains (N-
terminal and C-terminal). The RNA binding domains, in the N-terminal major domain, contains 
four segments homologous to each other. The C-terminal major domain is less well conserved 
and is rich in proline, glutamine and alanine. Its function is unknown but it might interact with 
cytoplasmic factors that regulate mRNA stability (Bernstein and Ross, 1989). Deletion of the 
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PABP gene in yeast is lethal indicating that PABP is an essential protein (Sachs et al., 1987). 
The relationship between P ABP and the differential mRNA stability has posed an 
important question. Since P ABP serves to protect poly(A) tract, how does it account for 
differences in mRNA half-lives in terms of differential poly(A) shortening rates? The specific 
sequences (AU-rich) in the mRNA 3'-UTR turned out to be possibly involved in determining 
stability of the poly(A)-PABP complexes (Wilson and Treisman, 1988; Shyu et al., 1991; You 
et al., 1992). 
A direct correlation has been observed between the polyadenylated status of mRNA and 
its translational efficiency in vivo. The most well known study regarding these correlations 
involves the fate of five developmentally regulated mRNAs upon fertilization of Spisula oocytes 
(Rosenthal et al., 1983). Four of these transcripts are poly(Af mRNAs and are translationally 
inactive in the oocyte. Following fertilization, these mRNAs become adenylated and 
simultaneously recruited onto polysomes. In contrast, a fifth transcript, a-tubulin mRNA, is 
deadenylated at fertilization, coincident with its exclusion from polysomes. The relationship 
between poly(A) tail length and translational efficiency in vivo is not absolute. There are 
examples of translationally inactive polyadenylated mRNAs (Rosenthal et al., 1983) as well as 
examples of mRNAs which appear to lose their poly(A) tracts as they become translationally 
active (Kleene, 1989). 
Sachs and Davis (1989) have proposed that co-recognition of 5'- and 3'-mRNA structures 
(i.e., caps, poly(A) tails, and their associated proteins) during initiation of translation may occur 
simply to prevent the attempted translation of partially degraded mRNAs. Munroe and Jacobson 
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(1990) have proposed that poly(A) sequences be considered translational enhancer sequences 
which stimulate translational initiation in much the same way that transcriptional enhancer are 
thought to stimulate the initiation of transcription. The poly(A)-PABP complex promotes the 
formation of 80S initiation complexes at the mRNA 5' -end. 
V. Multiple Polyadenylation Sites 
Some genes may be transcribed into multiple transcripts differing only in the 3 ' UTR and 
may have multiple polyadenylation signals and poly(A) sites. A single polyadenylation signal may 
direct polyadenylation at more than one sites (Volosky and Keller, 1991). The utilization of 
alternative polyadenylation sites within a signal precursor RNA may represent one level of gene 
expression control. Many well-studied genes have multiple polyadenylation sites: for example, 
the adenovirus major late transcript (Fraser et al., 1979), the mouse DHFR gene (Setzer et al., 
1982), the chicken ovomucoid gene (Gerlinger et al., 1982), the mouse a-amylase gene 
(Hagenbuchle et al., 1984), and the human and mouse collagen genes (Aho et al., 1983). In 
addition, the mouse IgM (Early et al ., 1980) and the chicken vimentin (Capetanaki et al., 1983) 
genes are examples where the use of variable polyadenylation sites may be developmentally 
regulated or tissue specific. 
The human MHC-A (myosin II heavy chain isoform A) sequence contains multiple 
canonical AAUAAA polyadenylation signals near its 3' end. In several human cell types, 
different usage of these polyadenylation signals without differential splicing yields at least two, 
and possibly three, MHC-A mRNAs that appear to encode the same protein but differ in their 
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site of polyadenylation (Saez et al., 1990). Chicken MHC-A mRNAs were also found to have 
3 canonical polyadenylation signals (Volosky and Keller, 1991). 
The yeast ALG7 gene, although it lacks the concensus AAUAAA sequence, produces two 
major classes of transcripts 1.4 and 1.6 kb in size. Each class of messages also displays 
heterogeneity in the polyadenylation sites. The poly(A) sites of the 1.4 kb message are located 
I 
at 38, 45, and 64 nt past the TGA codon. The 1.6 kb message has poly(A) sites positioned at 
176 and 184 downstream from the TGA codon (Kukuruzinska and Robbins, 1987). 
VI. Involvement of 5' and 3' Untranslated Regions (UTRs) of m.RNA in Regulation of 
Gene Expression 
The fate of mature mRNA can be regulated by controlling either the stability of a message 
or its translation. Work on the regulated expression of the proteins of cellular iron metabolism 
in higher eukaryotes has provided a relatively detailed picture of the control of the fates of 
mRNA molecules that encode ferritin and the transferrin receptor (TFR). The expression of both 
the TFR and ferritin is highly regulated by the amount of available iron. The number of TRFs 
increases when iron is limited, whereas the number of TFR decrease when iron is plentiful. The 
level of ferritin is regulated in the opposite direction, increasing in the presence of iron and 
decreasing in its absence. Ferritin and TFR mRNAs contain a similar cis-acting RNA element, 
the iron-responsive element (IRE) (Klausner and Hartford, 1989). This element interacts with a 
common IRE-binding protein (Mullner et al., 1989). The IRE-binding protein regulates 
translation and mRNA stability. 
34 
A. External Factors That Modulate mRNA Turnover Rates 
The external factors that control mRNA turnover include temperature, ions, hormones, 
interferon , viruses, or virtually anything that can reach the cell surface (Peltz et al., 1991). 
Selected cases are discussed here. The effects of estrogen , glucocorticoids , growth hormone , 
interleukin- I , and epidermal growth factor on mRNA stability have been investigated extensively. 
' 
For example, the half-life vitellogenin mRNA in Xenopus hepatocyte is approximately 500 h in 
the presence of estrogen, as compared with 16 h without estrogen (Brock and Shapiro, 1983). 
This change in vitellogenin mRNA half-life do not require new proteins synthesis because the 
mRNA is also stabilized in hepatocytes exposed to cycloheximide . Estrogen dependent regulation 
of mRNA stability varies depending on the mRNA or the cell type or species. It destabilizes 
albumin mRNA in the same cell (Wolffe et al. , 1985). The interferon mRNA can be stabilized 
when cells are exposed to poly(rIC) (Raji and Pitha, 1983). Similarly, GM-CSF (granulocyte-
macrophage colony-stimulating factor) and G-CSF (granulocyte colony-stimulating factor) 
mRNAs are stabilized in macrophages and monocytes, respectively, cultured with lipopolysaccha-
ride (LPS) (Thorens et al . , 1987). 
Petersen et al. (1989) showed the stabilization of phosphoenolpyruvate carboxykinase 
mRNA by glucocorticoids . This appears to involve the interaction of an induced factor with an 
RNA element located in the 3 ' -UTR of the mRNA. 
B. 5 '-UTR and translation 
The location of the IRE in the 5' UTR of ferritin suggested that it functioned to control 
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translation initiation. Removal of the IRE resulted in a constitutively high level of mRNA 
translation, and addition of an IRE to a 5' -UTR depressed the rate of translation (Walden et al., 
1988). The first evidence for an IRE-binding protein came as a result of an electrophoretic 
mobility shift assay (Leibold and Munro, 1988). A 90 kD cytosolic protein purified from human 
cells was found to be the IRE-binding protein (Rouault et al., 1989). Analogous proteins were 
' 
also found in other mammalian cells that interact with the conserved sequences IRE (Mullner et 
al., 1989; Brown et al. , 1989). 
The translation of ornithine decarboxylase (ODC), the key enzyme in polyamine 
biosynthesis, was found to be regulated through its 5' -UTR. In rat, ODC mRNA 5'-UTR can 
inhibit translation of ODC mRNA both in vitro and in vivo, and a predicted stem-loop structure 
at the 5' end of the 5 '-UTR is both necessary and sufficient for this inhibition (Manzella and 
Blackshear, 1990). Specific protein (58 kD) binding to a conserved region of the ODC mRNA 
5' -UTR was also identified by UV light cross-linking and gel retardation assay (Manzella and 
Blackshear, 1992). The 5'-UTR of mRNA for ribosomal protein S19 was also found to be 
involved in its translational regulation during Xenopus development (Mariottinin and Amaldi, 
1990). The similar feature also applies to c-sis gene which encodes the B polypeptide chain of 
platelet-derived growth factor (PDGF) (Ratner et al. 1987, Rao et al., 1988) and bovine 
aldehyde dehydrogenase gene (Gaun and Weiner, 1989). The presence of "minicistrons" (short 
open reading frames) upstream of the actual translation start site has been found to also influence 
the translatability of an mRNA (Kozack, 1988, 1989). 
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C. Role of 3'-UTR in translation and mRNA stability 
The 3'-UTR of omithine decarboxylase (ODC) mRNA was also found to affect the 
translation efficiency as demonstrated by Grens and Scheffler ( 1990). Insertion of the 3 '-UTR 
of ODC downstream of the translation termination codon of the reporter gene (luciferase or 
chloramphenicol acetyltransferase) but prior to the polyadenylation signal partially relieves the 
' 
suppression of translation imposed by the 5' -UTR. 
It is known that, in a variety of cell types, the half-lives of some mRNAs can be very 
short lived while others can be as long as many hours. An example of a relatively stable species 
is B-globin mRNA, with a half-life of greater than 17 hours (Aviv et al., 1976). In contrast, 
fibroblast interferon and c-fos mRNAs have half-lives of 30 min or less (Greenberg and Ziff, 
1984). In most cases, mRNA abundance correlates with mRNA half-life. Abundant mRNAs 
frequently have long half-lives, whereas rare mRNas have short half-lives. The average half-lives 
of polyadenylated mRNAs are 15 hrs (Greenburg, 1972; Perry and Kelley, 1973). Inducible 
growth regulators such as oncogene products, cytokines, and transcriptional activators tend to 
have extremely unstable messages with half-lives on the order of 10 to 30 min. Treatment of 
cells with phorbal esters, antibodies to cell surface proteins, serum, or protein synthesis inhibitors 
such as cycloheximide can modulate the half-lives of rapidly degraded messages. Therefore, the 
rates and selectivity of mRNA degradation are variable, and regulation of these processes are 
important control points of gene expression. Shaw and Kamen (1986) observed that an AT 
sequence within the 3'-UTR of the gene for the lymphokine granulocyte-monocyte colony 
stimulation factor (GM-CSF) is highly conserved through evolution. They also noted that similar 
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long runs of A and T occur in the 3'-UTRs of numerous lymphokine, cytokine , and proto-
oncogene mRNAs. The largest sequence motif common to all of these genes is AUUUA. They 
also share the striking feature of the occurrence of a single adenosine nucleotide followed by a 
polyuridine tract of three or more U's. When inserted such sequences into 3 '-UTR of the rabbit 
6-globin gene caused marked reduction in mRNA stability. 
Brewer and Ross ( 1988) investigated the early step in the degradation of human c-myc 
mRNA using cell-free mRNA decay system. Their data showed that the first detectable step was 
poly(A) shortening, which generated a pool of oligoadenylated mRNA molecules. The second 
step, degradation of oligoadenylated c-myc mRNA, generated decay products whose 3' termini 
were located within the A+ U-rich portion of the 3'-UTR. These products disappeared soon after 
they were formed, consistent with rapid degradation of the 3' region. Other models are based 
on the finding of that degradation of apolipoprotein II mRNA that occurred via endonucleolytic 
cleavage at 5 '-AA U-3 'I 5 ' -U AA-3 ' elements in single-stranded loop domains of the 3 '-UTR 
(Binder et al., 1989) 
Malter (1989) identified an AUUUA-specific mRNA binding protein that consists of three 
subunits and binds rapidly to the pentamer containing RNA. Such protein-RNA complexes are 
resistant to the actions of denaturing and reducing agents, demonstrating very stable binding. 
This suggests the possibility that the formation of this protein-RNA complex may target 
susceptible mRNA for rapid cytoplasmic degradation. 
The most recent identification of mRNA binding proteins involving c-fos transcript 
degradation involved the U-rich sequence-binding proteins (You et al., 1992). Four U-rich 
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sequence binding proteins (URBPs) specifically interact with a 20-nucleotide U-rich sequence 
within the c-fos ARE. Gel mobility shift assay and competition experiments showed that these 
protein factors form three specific band-shift complexes with the c-fos AU-rich element (ARE) 
in the 3'-UTR. The binding sites for the four proteins were all mapped to a 20-nucleotide U-rich 
sequence located at the 3' half of the c-fos ARE, which contain no AUUUA petanucleotides. The 
URBPs might be involved in the cytoplasmic regulation of mRNA turnover by first binding to 
the 20-nt U-rich region within the ARE, which in turn causes the removal of the poly(A) tail. 
Therefore, the AUUUA motifs might be involved in the second step of the ARE-mediated decay 
pathway. While in some cases, the sequence specific mRNA binding proteins serve to enhance 
for mRNA degradation, in other case it can work in an opposite function. One example is the 
aforementioned IRE-binding proteins that increase the transferrin receptor mRNA stability 
(Klaushner and Hartford, 1989). 
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MATERIALS AND METHODS 
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MATERIALS AND METHODS 
CELL CULTURE 
Chinese hamster ovary (CHO) cells were obtained from the American Type Culture 
Collection. Non-synchronized cells were seeded at a density of 5 x 103 cells/cm2 and grown in 
F12 medium, containing 10% fetal bovine serum, to confluence (2xHY cells/cm2). The cells 
were harvested by trypsin treatment , pelleted, and immediately frozen in liquid nitrogen for 
further use. 
TISSUE ISOLATION 
Salivary submandibular gland, parotid gland, and liver tissue were surgically removed 
from adult hamsters. Immediately after removal the tissues were placed in liquid nitrogen, 
followed by storage at -80'C. 
RNA ISOLATION 
Total RNAs from cell cultures and tissues were isolated using guanidine isothiocyanate 
according to Chomczynski and Sacchi (1987) or Davis et al. (1986). Poly(At and poly(At 
RNA selections were carried out using oligo(dT) cellulose as described by Davis et al (1986). 
A direct Poly(A) + RNA isolation method using Invitrogen Fast-Track kit (Invitrogen, San Diego) 
was also used to obtain Poly(At RNAs from CHO cells and tissues. For isolation of poly(At 
RN As from the cultured CHO cells 1 x 108 cells were used. In the case of submandibular gland, 
parotid gland, and liver , 0 . 5-1 g of tissue was used per isolation. The yields of poly( Ar RN As 
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were approximately 50 µg for the CHO cells, salivary glands, and liver. 
POLYMERASE CHAIN REACTION (PCR) AMPLIFICATION OF ALG7 cDNAs 
For the amplification of the ALG7 cDNAs the "rapid amplification of cDNA ends" or 
the RACE protocol was followed (Frohman et al., 1988), with some modifications as described 
' 
below. The scheme of the RACE protocol is shown in the Fig. 5. All experiments were carried 
out using the DNA Thermal Cycler Perkin Elmer Cetus). 
I. 3 '-End Amplification 
To generate cDNA 3' ends, GeneAmp RNA PCR Kit was used with minor modifications 
(Perkin Elmer Cetus). The poly(Ar population of RNAs (1 µg) was heated to 65°C, cooled on 
ice and reverse transcribed for 45 min at 42°C using the oligo(dT) 11-adaptor (1 µglµl) (Fig. 5a) 
and 2.5 units of reverse transcriptase (Perkin Elmer Cetus) in a final volume of 20 µl. The 
reaction was stopped by heating at 99°C for 5 min. One-tenth or one microliter of this cDNA 
reaction mixture was used directly for amplification. The amplification reaction was carried out 
in a final volume of 100 µl using 2.5 units of Ampli Taq DNA polymerase (Perkin Elmer Cetus, 
Norwalk, CT). For the initial 3' end amplification 25 pmols of primer A were used, but instead 
of the oligo( dT)11-adaptor only 25 pmols of the adaptor itself were added (Fig. 5a). All reaction 
conditions for PCR followed the modified Perkin-Elmer Cetus (Norwalk, CT) "hot start" 
protocol. All reactions, for the first cycle, were heated at 95°C for 5 min, primer-annealed at 50-
60"C for 2 min, and extended at 72°C for 15 min. Before the frrst cycle, all the components for 
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PCR reactions were added except the Ampli Tag Polymerase, which was added just when the 
first extension temperature (72°C) was reached. This was to minimize the Ampli Tag Polymerase 
extension of nonspecifically annealed primers that occurs at room temperature before PCR starts. 
The rest of the cycles were carried out with 94°C, 1 min; 50-60"C, 2 min; and 72°C, 3 min. The 
reactions were allowed to proceed for 30 cycles followed by a 15-min final extension at 72°C. 
' 
Primers Al, A2 and A3 were used for PCR amplification in the later experiments after the 1. 9 
kb 3' cDNA was cloned and sequenced (see the Results section). The locations and sequences 
of all the primers used are presented in Fig. 6 and its legend. Primers ranged in size from 19-30 
nucleotides and contained 40-60% G/C which was within acceptable guidelines for selecting 
specific primers for PCR. 
II. 5 '-End Amplification 
The reverse transcription reaction was carried out with 1 µg of poly(At RNA as 
described for the 3' ends, except that 20 pmols of primer C were used instead of the oligo(dT)1r 
adaptor (Fig. 5b). To enhance the specificity of amplification, primer C was removed and all 
the subsequent reactions were conducted with 20 pmols of primer B, located upstream from 
primer C (see Fig. 6 for sequences and locations of the primers). Excess primer C was removed 
by centrifugation of the reaction mixture through a 30,000 NMWL Ultrafree-MC filter unit 
(Millipore) for 4 min at 2,000 x g. The retained cDNAs were resuspended in 150 µ1 of 10 mM 
Tris-HCl, pH 8.0 containing 1 mM EDTA and they were concentrated by centrifugation under 
reduced pressure (SpeedVac) to a final volume of 23 µl. The tailing reactions were as described 
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(Frohman et al., 1988). One micro liter of the tailing reaction mixture was used directly in the 
5'-end amplification reaction. All amplification reaction steps were as described for the 3' end 
except that the initial annealing of the oligo(dT)11-adaptor to the poly(A) tail was allowed to 
proceed at room temperature for 10 min. 
PROBES 
I. Northern Blot Analysis 
The hamster ALG7 mRNAs were detected by hybridization at high stringency (42°C) 
using the following hamster ALG7-specific genomic or cDNA probes labeled to a specific 
activity of 109 cpm/ µ,g. All probes were labeled with [ a- 32J>]dCTP using a random primer method 
(Promega Corporation, Madison, WI). 
(a) Kpnl fragment (470 bp) from pTRG5: 
The pTRG5 plasmid (Fig. 7) bearing a fragment of the hamster ALG7 gene was obtained 
from Dr. M. Lehrman (Lehrman et al., 1988). This plasmid contains a 470 bp Kpnl restriction 
fragment of genomic ALG7 isolated from the CHO cells and inserted into the Kpnl sites in the 
multiple cloning region of the pBS M13+ vector. This Kpnl segment of ALG7 gene was later 
found to contain a part of 275 bp intron and a part of 195 bp exon (Zhu and Lehrman, 1990). 
This Kpnl probe was used for the initial Northern analysis of the ALG7-specific transcripts. 
The locations of the hamster ALG7 cDNA probes are shown in Fig. 8. The entire "1.9 
kb" cDNA is 1843 nucleotides (from 5'-end to one mature 3'-end). The coding region spans 
from nucleotides 148 to 1371. 
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(b) BamHI-EcoRI fragment (981 bp) from pBluescript: 
Following the cloning of the 981 bp (including d(T)21) hamster ALG7 cDNA fragment 
into the Smal site of the pBluescript vector (designated as pGH3'981 hereafter), the entire ALG7 
cDNA insert could be released using BamHI and EcoRI restriction enzymes for subsequent 
Northern and Southern analysis. This BamHI-EcoRI restriction fragment spans the C-terminal 
part of the coding region and the entire 3 ' -UTR of the 1. 9 kb species (nucleotides 889-1843 plus 
27 poly( dT)). 
(c) Apal fragment (463 bp) from pBluescript: 
This restriction fragment spans the 3'-UTR of the 1.9 kb cDNA (nucleotides 1265-1728). 
( d) Pstl fragment (223 bp) from pBluescript : 
It spans the 3'-UTR downstream to the 3' endpoint of the 1.5 kb species (nucleotides 
1618-1843). 
(e) Kpnl fragment (278 bp) from pT7T318U: 
The pT7T318U was obtained from Dr. S.S. Krag . This plasmid carries a 2.1 kb hamster 
ALG7 cDNA insert (Sccoca and Krag, 1991). This insert includes the entire hamster ALG7 
putative coding region and most part of the 5' and 3'-UTRs. The Kpnl restriction fragment is 
located in the N-terminal coding region (nucleotide 601-879). 
(t) EcoRI-Xmnl fragment (440 bp) from pT7T318U: 
This fragment includes mainly the 5' noncoding region. Only 190 bp of the sequences 
was proved to be hamster ALG7 cDNA specific. The rest of the region further upstream is, 
however, at present, not known to belong to the ALG7 gene (nucleotides 0-190 are the 5 ' -UTR). 
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II. Southern Blot Analysis and Colony Lift Hybridization Screen 
For DNA blot analysis, all probes were prepared in the same manner as those for 
Northern analysis except the labeled hamster ALG7-specific genomic or cDNA probes used for 
hybridization were at 104 cpm/ml. Only Kpnl (470 bp) and BamHI-EcoRl (981 bp) fragments 
described above were used in these procedures . 
SOUTHERN BLOT ANALYSIS 
I. Gel Preparation and Electrophoresis 
The products of the amplification reactions were fractionated by electrophoresis on 1.5 % 
agarose gels containing 0.5 µglml ethidium bromide. 
II. DNA Transfer 
The fractionated DNA was transferred onto a nylon GeneScreen-Plus membrane (DuPont) 
in 10 x SSC solution (1.5 M NaCl and 0.15 M sodium citrate, adjusted to pH 7 .0) by capillary 
method. The transfer proceeded for 16-24 hours. The membrane was then air-dried. 
III. Hybridization 
The membrane was prehybridized in prehybridization solution [50% formaldehyde, 2% 
SOS, 10% Dextran Sulfate (M.W. 500,000), 1.0 M NaCl and denatured salmon sperm DNA 
( > lOOµg/ µl)] at 42°C for 15 min before the probe was added to the membrane bag. The 
complete hybridization reaction took place at 42°C for 16-24 hours. 
IV. Membrane Wash 
The membrane was washed twice in 2x SSC for 15 minutes at room temperature followed 
46 
by two washes in 2x SSC and 2 % SDS for 45 minutes at 65°C, and then two washes in O. lx SSC 
for 15 minutes at room temperature. The membrane was exposed to a Kodak X-OMAT AR film 
in the presence of an intensifying screen at -80°C for several hours. 
CLONING AND SEQUENCING 
I. Cloning into Vectors 
The cloning procedures of the hamster ALG7 gene are depicted in Fig. 9. After 3 '-end 
PCR amplification DNA fragments of interest were isolated by electrophoretic fractionation on 
1.5 % agarose gel. Electroelution (Sambrook et al., 1989) was used to recover DNA fragments 
with dialysis tubing (Spectra/Por, Spectrum Medical Industries, Inc.). The recovered DNA 
fragments were then blunt-ended with T4 DNA polymerase and phosphorylated with T4 
polynucleotide kinase. pBluescript II SK +/- (Stratagene, San Diego, CA) vector was linearized 
at the Smal site and dephosphorylated with CIP (Calf Intestinal Alkaline Phosphatase). 
Each DNA ligation procedure was carried out as follows: 20 ng pBluescript vector, 1: 1 
to 1 :3 molar ratio of vector:PCR insert, were mixed with 10 x blunt-end ligation buffer (0.66 
M Tris-Cl (PH 7.6), 50 mM MgCl2 , 50 mM DTI, lmg/ml BSA, lOmM hexaminecobalt 
chloride, 2 mM ATP) (Sambrook et al., 1989) and 20 units of ligase (New England BioLab) in 
a final volume of 5 µl. The mixture was incubated at l 6°C overnight. Transformations were 
carried out using XL-I Blue competent cells (Stratagene, San Diego, CA). To identify the 
colonies with the plasmids containing ALG7 inserts, colony lift hybridization screen was 
performed using the KpnI fragment (470 bp) from TRG-5 plasmid labeled with [a- 32P]dCTP as 
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the probe. Positive colonies were selected and verified by restriction analysis carried out on 
plasmid DNAs prepared by alkaline lysis method (Sambrook et al., 1989). 
II. Double Stranded DNA Sequencing 
Clones identified as potential candidates for ALG7 cDNAs were sequenced using double 
strand sequencing method as described by the manufacturer (United States Biochemicals, 
Cleveland) and modified by Chiang ( 1991). T3 and T7 primers were used to carry out 
sequencing from both ends. Mini-prep plasmid DNAs were sequenced with Sequenase Version 
2.0 (USB). Each DNA clone from the mini-prep was adjusted to a volume of 60 µ.l with H20. 
Then 40 µ.l of IN NaOH were added to denature the DNA into single strands, followed by the 
addition of 18 µ.l of 3M NaOAc (PH 4.5-5) to neutralize the alkalinity. The single stranded 
DNAs were precipitated with 450 µ.I 100% EtOH. Fourteen µ.l of H20 were used to resuspend 
the single stranded DNA pellet and the mixtures were divided in half, one for T3 primer and the 
other for T7 primer. The primer annealing reactions were carried out by adding 0.1 µ.g T3 or 
T7 primer and 2 µ.l of 5 X reaction buffer (200 mM Tris-Cl pH 7.5, 100 mM MgCl2, 250 mM 
NaCl), incubation at 65°C for 5 min followed by cooling to room temperature over 30 min. The 
labeling reaction was as follows: to the annealed template-primer, 1 µ.l of 0.1 M DTT, 2 µ.l of 
lX dGTP labelling mix (USB), 2 µ.l of P5S]dATP (10 µ.Ci/µ.l; 1000 Ci/mmol, Amersham) and 
2 µ.l of Sequenase 2.0 (1/8 dilution) were added and incubated at room temperature for 5 min. 
The following termination reaction was carried out by adding 3.5 µ.l of the labelling mixture to 
each prewarmed (37°C) 2.5 µ.I of ddNTPs and incubated at 37°C for 5 min. Each reaction was 
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stopped by adding 4 µl of Stop Solution (USB) and 3-5 µI was loaded onto an 8% 
polyacrylamide gel (Bio-Rad, Segue-Gem Sequencing Gel set-up) containing 7M urea followed 
by electrophoresis at 1,200 V for 5-7 hours. The gel was fixed in 10% acetic acid for 15 min, 
transferred to Whatman 1 mm chromatography paper, vacuum dried, and exposed overnight to 
Kodak X-OMAT AR film in the presence of an intensifying screen at -80"C. 
NORTHERN BLOT ANALYSIS 
I. Gel Preparation and Electrophoresis 
To identify the ALG7-specific mRNA, standard Northern blot analysis was carried out 
(Sambrook et al., 1989). The amount of each sample used was 20-25 µg of total RNA and 
poly(A)" and 1-3 µg of poly(Af RNA from the CHO cells . These samples were loaded onto the 
50-150 ml 2 % agarose gel containing 6 % formaldehyde. The gel was subjected to electrophoresis 
in lx MOPS buffer (40mM morpholinopropanesulfonic acid pH 7.0, lOmM sodium acetate and 
lmM EDTA pH 8.0), for four to eight hours at 70 volts at 4°C until the two rRNA bands 
reached the distance of more than 3.5 cm and 5.6 cm from the origin, respectively. 
II. Transfer of RNA 
The fractionated RNAs were transferred to a GeneScreen membrane (DuPont) in 2x SSC 
solution (0.3M NaCl and 0.03M sodium citrate, adjusted to pH 7 .0) by capillary method (Fig. 
7). The transfer proceeded for 16-24 hours. The membrane was then dried at 80"C for 2 hours 
under vacuum to reverse the formaldehyde reaction. 
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III. Hybridization 
The membrane was prehybridized in a prehybridization solution [50% formaldehyde, 
0.2% bovine serum albumin, 0.2% polyvinyl-pyrrolidone (M.W. 40,000), 0.2% ficoll (M.W. 
400,000), 0.05 M Tris-HCl (pH 7.5), 0.1 % sodium pyrophosphate, 1.0% SOS, 10% Dextran 
Sulfate (M.W. 500,000), 1.0 M NaCl and denatured Salmon Sperm DNA(> lOOµg/ml)] at42°C 
for 4 hours before the probe was added to the membrane bag. The complete hybridization 
reaction took place at 42°C for 16-24 hours. The membrane was washed as described before. 
RN Aase PROTECTION ANALYSIS 
The ALG7-specific mRNAs were examined by the RNase protection method, essentially 
as described by Ambion, Inc. (Austin, TX). The pGH3'981 plasmid was used for RNAse 
protection analysis. The plasmid contains a 981 bp cDNA fragment of hamster ALG7 gene 
inserted into the Smal site in the multiple cloning region of pBluescript SK +/- vector. The 
pGH3'981 was digested with BstYI and the T7 promoter/polymerase was used to synthesize 
antisense RNA of 688 bases in size. This antisense RNA includes the entire 3 '-UTR of the 1. 9 
kb transcripts and 67 bases of the C-terminal coding region. Gel purification procedure was 
carried out, according the manufacturer (Ambion, Inc., Austin, TX), to obtain a pure species 
(668 bp) of synthesized antisense RNA as a probe. Two and six micrograms of poly(At RNAs 
from CHO cells, were hybridized overnight at 45°C to the 668 bp ALG7-specific antisense RNA 
labeled with [a- 32P]CTP (see Fig. 10). Each reaction was carried out in the presence of yeast 
tRNA (total of 20 µg RNA) as a carrier. The negative control consisted of 20 µg of yeast 
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tRNA. The unhybridized RNAs were then digested with RNases A and Tl at 37°C for 1 hour, 
treated with proteinase K for 15 min at 37°C, and the protected fragments were isolated by 
phenol-chloroform extraction, followed by ethanol precipitation. The pellets were resuspended 
in 8 µl sample buffer (Ambion, Inc., Austin, TX) and 4 µl of each sample were subjected to 
electrophoretic analysis. Protected RNAs were fractionated on 5 % or 8 % polyacrylamide gels 
(Bio-Rad, Seque-Gem Sequencing Gel set-up) containing 7 M urea at 1200 V for 8 hrs. The wet 
gel was transferred to Whatman 1mm chromatography paper, and exposed overnight to Kodak 
X-OMAT AR film in the presence of an intensifying screen at -80"C. Quantification of ALG7 
mRNA levels was carried out with the Ultroscan XL Enhanced Laser Densitometer (Pharmacia 
LKB Biotechnology, Inc. , Piscataway, NJ). 
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RESULTS 
ALG7-SPECIFIC TRANSCRIPTS IN THE CHO CELLS 
To examine the steady-state level of the hamster ALG7 rnRNA, poly(At selected RN As 
were isolated from CHO cells (FastTrack Kit, Invitrogen Co.) and analyzed using a Northern 
blot procedure . The initial Northern blot analysis was carried out using a KpnI restriction 
fragment (470 bp) of hamster genomic ALG7 DNA as a probe (Fig. 7) . The KpnI fragment 
contains 195 bp of an exon and 275 bp of an intron (see Materials and Methods). The results 
indicate that in the CHO cells there are three major ALG7-specific mRNAs, approximately 1.5, 
1.9 and 2.2 kb in size (Fig. 11). 
ISOLATION OF ALG7 cDNAs CORRESPONDING TO THE 3' AND 5' ENDS OF 
ALG7 mRNAs 
The presence of multiple transcripts suggested that the hamster ALG7 gene may be 
regulated in a manner similar to its yeast counterpart. To examine the cause of ALG7 transcript 
heterogeneity, cDNAs corresponding to the 3' and 5' ends of the hamster ALG7 transcripts were 
isolated using a single gene-specific primer mediated polymerase chain reaction approach. Based 
on the published sequence of the hamster ALG7 fragment homologous to the ALG7 gene in yeast 
(Lehrman et al. 1988), three ALG7 gene-specific oligonucleotide primers (A, B, and C) were 
designed to isolate the clones of the 3' and 5' transcript ends (Fig. 5, 6). 
I. Cloning of the 3' Ends of the ALG7 Transcripts. 
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Populations of poly(Af RNAs, either from the CHO cells, liver, or from the 
submandibular gland, were reverse transcribed using the oligo(dT)11-adaptor to create a cDNA(-) 
strand. Then, the cDNA strands were amplified using the ALG7-specific oligo(dT)11-adaptor, 
primer A, and the adaptor. The optimal conditions for amplification were as follows: 1) primer 
annealing time was 2 min at 50-60"C; 2) extension time was 5 min at 72°C; and 3) ~e typical 
number of cycles was 30. 
The products of the PCR reaction were subjected to electrophoresis on a 1.5 % agarose 
gel and analyzed by the Southern blot method. The results of the ethidium stain indicate a 
heterogenous population of the cDNAs from PCR amplification (Fig. 12a, lanes Sand C). The 
ALG7 specificity of these cDNAs was tested by hybridization to the KpnI restriction fragment 
of genomic ALG7 DNA (Fig. 7). The Southern blot shown in Fig. 12b depicts the 3' end 
amplification of ALG7 cDNAs from CHO cells and submandibular gland (S). In each reaction 
two major amplified fragments, 1 kb and 0.6 kb in size were detected. In CHO cells there is also 
a minor 1.3 kb species. The total amount of ALG7-specific cDNAs is significantly greater in 
CHO cells than in the submandibular gland. The discrepancies between the ethidium bromide 
stain and the Southern blot method are quite common, most likely representing the nonspecificity 
of primer annealing in the initial steps of the procedure. 
The major 1 kb amplified fragment was cloned and sequenced (see "Cloning and 
Sequencing of ALG7 cDNAs") and shown to be 981 bp in length. (1) This newly cloned 981 bp 
cDNA fragment was used for subsequent Southern analyses of the PCR products. (2) This cDNA 
comprises 486 bp of the C-terminal coding region and 468 bp of the 3' -UTR. (3) Based on its 
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size and sequence the 981 bp cDNA has been assigned to belong to the 1.9 kb class of transcripts 
II. Isolation of the 5' Ends of the Hamster ALG7 mRNA 
For cloning of the 5' ends of the ALG7 mRNAs, primer annealing, extension, and the 
number of cycles were as described for cloning of the 3' ends. The one exception was that to 
enhance annealing of the oligo(dT)11-adaptor sequence to the poly(A) tail, the reaction was 
carried out at room temperature instead of 60'C (see Materials and Methods). The ethidium 
bromide staining of the fractionated PCR products from the CHO cells and the submandibular 
gland revealed only one major cDNA band, 0.96 kb in size (Fig . 13a, lanes Sand C). The low 
molecular weight species detected represent shorter and incomplete cDNAs or excess primers 
from the cDNA synthesis and the PCR amplification reaction. The results of the Southern Blot 
analysis indicate that the 0.96 kb cDNA hybridizes to the ALG7 DNA, both in the CHO cells 
and in the submandibular gland (Fig. 13b). Thus, there appears to be one 5' end of the ALG7 
message, indicating that one major transcription initiation site may be used by the hamster ALG7 
gene. Moreover, the ethidium bromide staining of the PCR products from the CHO cells 
revealed a fainter band that migrated with a mobility of 0.4 kb (Fig. 13, C). This band was not 
easily detectable on a Southern blot due to high background. Nevertheless, these results suggest 
that another transcription initiation site may be utilized in the CHO cells, and that this site would 
have to be located 400-500 bp downstream from the major initiation site. 
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CLONING AND SEQUENCING OF ALG7 cDNAs 
Further characterization of the ALG7 3' cDNAs was carried out by subcloning these 
species into a vector followed by sequencing. PCR products from the 3' amplification were 
fractionated on a 1.5 % agarose gel and appropriate cDNAs were isolated and inserted into the 
Smal site of the multiple cloning region in the pBluescript SK + /- vector. The insert cmntaining 
plasmids were used to transform XL-1-Blue competent cells and ALG7 containing transformants 
were identified using colony lift hybridization screen (Fig . 14). Mini-prep analysis of DNAs was 
carried out to examine the plasmids, and positive clones were sequenced using double strand 
DNA sequencing method. Several clones were found to carry approximately 1 kb ALG7-specific 
cDNAs. This 1 kb fragment of ALG7-specific cDNA can be released using BamHI and EcoRI 
restriction enzymes and it served as a probe for the cloning and screening procedures of other 
cDNA species (0.6 and 1.3 kb) from the PCR amplification. 
The 1.3 kb and 0.6 kb fragments detected on the Southern blot after PCR amplification 
were also inserted into the Smal site of the pBluescript vector, followed by transformation of 
XL-1-Blue competent cells. The transformed cells were screened with the newly cloned BamHI-
EcoRI (981 bp) fragment as the probe (see Materials and Methods). However, due to the fact 
that the 1. 3 kb species was close to the cloned 1 kb species in terms of molecular weight 
proximity in the agarose gel, the cloning preparations were always contaminated by the 1 kb 
species. Therefore , this 1.3 kb fragment, presumably corresponding to the 2.2 kb class of the 
ALG7 transcripts was not cloned in the present study. Attempts to clone the 0.6 kb fragment 
were also negative since the 0. 6 kb fragment was found to contain truncated PCR products after 
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the cloning and sequencing procedures. The truncation occurred at either the 5' or 3' primer end. 
As a result, the 1.5 kb ALG7 transcript was not cloned using the 3 '-end PCR approach. 
Identification of Multiple Functional Poly(Ar Addition Sites Around the preferred 1.9 
kb poly(A) + site - The results of the sequencing analysis of the entire 3 '-UTR region of the 1. 9 
kb species are shown in Fig. 15. In the 3'-UTR of the 1.9 kb class of hamster ALG7 mRNAs 
there is one AAUAAA polyadenylation signal. One major polyadenylation site and three minor 
sites are located 12, 18, 21, and 29 nt downstream from the AAUAAA signal respectively. 
AMPLIFICATION OF ALG7 cDNAs WITH DIFFERENT GENE-SPECIFIC PRIMERS 
In order to isolate the 2.2 kb cDNA, primers Al, A2, and A3 complementary to 
sequences further downstream from Primer A were designed and used in PCR amplification (Fig. 
6, 16). It was hoped that this approach would also ensure the specificity of the amplified 
products as the amplification would result in the synthesis of progressively shorter DNA 
fragments. The adaptor used for the 3 '-end primer was the same as that for the previous 
reactions. The newly cloned BamHI-EcoRI (981 bp) fragment of ALG7 cDNA was used as a 
probe for the Southern analysis. Fig. 17a,b shows the results of PCR amplification using 
poly(At RNAs from CHO cells, submandibular gland, and liver. The 2.2 kb and 1.5 kb classes 
of the CHO cell ALG7 mRNAs were not consistently amplified into sufficient amounts of cDNA 
to be clearly detected by Southern blot analysis. The abundance of amplified cDNAs appears 
greater with primers A and Al, and almost nondetectable using primers A2 and A3. The major 
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fragment has the same molecular weight in CHO cells, submandibular gland (S), and liver (L), 
while the minor ones appear different among CHO , S, and L which may indicate the tissue 
specific expression of the minor transcripts. There are cDNA fragments with molecular weight 
of more than 2 kb detected using primer A for the PCR amplification of the CHO cell ALG7 
cDNAs (Fig. 17b). These larger DNA fragments disappeared when treating the PCR products 
at 65°C for 5-10 min before loading into the agarose gel (Fig. 18). This indicates that there are 
nonspecific interactions between the amplified DNA molecules in the PCR products. 
BLOT HYBRIDIZATION ANALYSIS OF MULTIPLE ALG7 mRNAs 
The availability of the cloned 981 bp cDNA fragment (Fig. 8) to serve as an ALG7-
specific probe enabled further Northern analysis of ALG7 mRNAs. The results of Northern blot 
analysis shown in Fig . 19 confirmed the presence of the three major transcripts in the CHO cells. 
No signal was detected in the poly(A) · lanes indicating that all major ALG7 mRNAs had poly(A) 
tails. In order to further confirm the specificity of these three major bands , cDNA fragments 
from different region of hamster ALG7 gene were used as probes in Northern analysis . 
Using Kpnl (278 bp) and Apal (463 bp) fragments of ALG7 cDNA as probes, the same 
3 most abundant ALG7 mRNAs were detected (Fig. 20, 21). This indicates that the multiple 
bands shown on the Northern blots do not arise from non-specific annealing of the probe with 
transcripts other than ALG7 or by hybridization to overlapping transcripts. The location of the 
Kpnl and Apal fragments in the overall structure of the hamster ALG7 cDNA is depicted in the 
Fig. 8. 
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When EcoRI-XmnI fragment (440 bp) was used as a probe for RNA blot analysis, only 
1.9 and 2.2 kb transcripts were detected (Fig. 22). In contrast, all the transcripts, including the 
1.5 kb species, were detected when the Pstl (223 bp) probe was used (Fig. 23). This suggests 
that the 1.5 kb species may have a different transcription initiation site while sharing the similar 
3 '-end with the 1. 9 kb transcripts . Alternatively different sequences in that region (pessibly due 
to alternative splicing) as apposed to the other two species. This finding is supportive of the 5'-
end PCR amplification mentioned described in Fig. 13. Therefore, we conclude that in CHO 
cells the multiple ALG7 mRN As arise by the alternative usage of transcription initiation and 
poly(A) sites. 
CHARACTERIZATION OF 3' TRANSCRIPT HETEROGENEITY 
The two classes of the yeast ALG7 transcripts share the same coding sequences and they 
differ in the length of the 3'-UTRs . It is assumed that hamster ALG7 transcripts may have 
similar characteristics. If this is the case, the 1.5 kb transcript should share the same sequence 
as the 1.9 kb species and differ only in the 3' end. However, the Northern blot results suggest 
that the 1.5 kb transcripts shorter in length is caused by possible differences on the 5' end. In 
order to know whether any low abundant 1.5 kb or smaller transcripts not detected by Northern 
blot analysis also exist, a more sensitive procedure, RNAse protection assay (RPA), was carried 
out and the 3' ends of the 1.9 kb species and any other shorter mRNAs were mapped. 
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Identification of Functional Poly(A) + Addition Sites Located Upstream form the Preferred 
1.9 kb mRNAs 
The cloned hamster ALG7 981 bp cDNA was used as a template to synthesize an 
antisense RNA of 668 bases in length. This antisense RNA was then used to map the 1.5 kb 
ALG7 mRNAs shown on the Northern blot analyses (Fig. 11,19 ,20,21). mRNAs 1rom CHO 
cells were used for this protection analysis . The result of RPA is shown in Figure 24. There are 
three major protected fragments . The most abundant one is from the 1. 9 kb transcripts, 558 bases 
in length. The two lesser ones migrated with molecular weights of approximately 310 and 210 
bases and they represent the 1.5 kb and an additional I .4 kb transcripts . This result suggests that 
the 1.4, 1.5, and 1.9 kb classes of transcripts have common 3 '-sequences which differ only with 
respect to the site of polyadenylation. 
COMPARISON OF SEQUENCE MOTIFS AND SECONDARY STRUCTURES IN THE 
3'-UTR OF YEAST AND HAMSTER ALG7 mRNA 
The sequence motifs and secondary structures in the 3 '-UTR have been shown to play 
important regulatory roles in 3' end formation, degradation, translation and many other events 
during gene expression. To examine the possible involvement of the ALG7 mRNA 3 ' -UTR in 
the 3' end formation, preliminary analyses of potential secondary structures in the 3 '-UTRs of 
both yeast and hamster ALG7 mRNAs were conducted using PC/GENE software program. The 
results are show in the Fig. 25 and 26. 
The sites of mature 3 ' ends of yeast multiple ALG7 mRNAs have been mapped to bases 
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38 through 74 for the shorter class, and bases 188 through 194 for the longer class. Secondary 
structure analysis of the 3 '-UTR of the yeast ALG7 mRNA indicate that thermodynamically 
favorable free energy (~G(25°C)= - 2.0-2.4 kcal) may form stem-loop structures in the regions 
of the 3'-end formation. In other words, the most stable stem-loop structures tend to appear in 
or near the regions defining the mature 3' ends. 
Similarly, there are also potential stem-loop structures formed in proximity to the mature 
3' ends of 1.4, 1.5, and 1.9 kb classes of hamster ALG7 mRNAs. The AAUAAA signal of the 
1.9 kb class of transcripts is itself located in one of the stem-loop structures. The 1.9 kb class 
of CHO A1G7 mRNAs does not show any sequence motifs close to the 3' ends with the yeast 
transcripts. Both classes of yeast ALG7 mRNAs, 1.4 and 1.6 kb, lack the AAUAAA consensus 
sequence. The sequence motifs recognized as important to 3' end processing of the yeast ALG7 
transcripts include two hexanucleotide sequences, GAUUAU and UAUUGG, as well as three 
pentanucleotide sequences ACUUU, UAGUU and AAAGU. Interestingly, identical sequences 
precede the 3' ends of the 1.5 kb class of the hamster ALG7 transcripts. 
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DISCUSSION 
THE HETEROGENEITY OF HAMSTER ALG7 mRNAs 
Complex genomic arrangements frequently serve to generate diversity in eukaryotic gene 
expression (Leff et al., 1986). In fact, such diversity in expression is often utilized during 
development and in specialized tissues. In many cases production of multiple protein products 
from single genes results from alternative RNA processing. There are instances, however, where 
the non-protein coding regions of mRNAs contain sequences that are critical to the regulation of 
protein product levels. 
Multiple mRNAs may arise due to the alternative use of transcriptional initiation sites, 
splicing sites, and polyadenylation sites. The yeast ALG7 gene is transcribed into two major 
classes, 1.4 and 1.6 kb. They arise by alternative utilization of four closely spaced transcription 
initiation sites in the 5' UTR and two clusters of poly(A) addition sites in the 3' UTR. Because 
these poly(A) sites are 200 bp apart, the major transcript heterogeneity lies in the 3' UTR. Since 
yeast ALG7 gene does not have introns, finding the cause for mRNA heterogeneity is fairly 
straightforward. In higher eukaryotes such as hamster, more complicated features of gene 
expression at the transcriptional and posttranscriptional levels would be expected to occur. The 
results of the Northern analysis of the CHO cell poly(Ar RN As using the BamHI-EcoRI ALG7 
cDNA fragment as a probe show three major transcripts, approximately 1.5, 1.9, and 2.2 kb in 
size. These three species are detected when both total RNA and poly(Ar RNAs are analyzed but 
not in poly(A)" preparations indicating that all three species have poly(A) tails. The same band 
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intensities were obtained with the use of two other ALG7-specific probes, the KpnI and Apal 
restriction fragments (see Figs. 20 and 21). The two latter probes span various sequences within 
the coding and 3' noncoding regions. These results, therefore, suggest that the three mRNAs 
most likely do not differ within their coding sequences. Somewhat unexpected results were 
obtained when yet another probe , the EcoRI-Xmnl restriction fragment of ALG7 cDNA, was 
used. This fragment contains 43 bp of the N-terminal coding region and 147 bp of the 5' 
noncoding sequences. Only two species 1.9 and 2.2 kb were detected (Fig. 22) with the latter 
probe, suggesting that the 1.5 kb transcript may use a different transcription initiation site than 
the 1.9 and 2 .2 kb mRNAs. In addition, when Pstl restriction fragment was used as a probe, all 
three major transcripts including 1.5 kb species were detected. The Pstl fragment spans 
downstream of the 3' end of the 1.5 kb transcripts assuming that the 1.5 kb transcripts 
polyadenylate approximately 400 bp upstream from the 1. 9 kb transcripts 3' end. Since the Pstl 
fragment still hybridizes to the 1.5 kb species, the assumption that the 1.5 kb transcripts differ 
from 1.9 kb in their 3' end is incorrect. It seems more likely that 1.5 and 1.9 kb transcripts 
differ in their 5' ends. This conclusion is supported by the results of the 5' end analysis using 
PCR where only one initiation site was detected. Although RP A analysis suggested that additional 
poly(A) site(s) may be used in vivo (Fig. 24), it remains possible that these species represented 
partial degradation products. Alternatively, it is possible that the 1.4 and 1.5 kb transcripts 
differing in 3' end from 1. 9 kb transcripts also exist but in low abundance not detectable by 
Northern blot analysis. Yet another possibility is that 1.5 kb transcript arises by alternative 
splicing resulting having different sequences that are not homologous to the EcoRI-XmnI probe. 
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I. 3 '-UTR Heterogeneity 
Using the "rapid amplification of cDNA ends" (RACE) protocol described in the 
Materials and Methods section, the entire 3'-UTR and the C-terminal coding region of the 1.9 
kb species were cloned and sequenced. The 1.9 kb and 2.2 kb classes of the hamster ALG7 
mRNAs were consistently amplified into sufficient amounts to be clearly detected by Southern 
blot analysis, although the 2.2 kb species were harder to detect, most likely due to their lower 
abundance. Using primers A and Al, the 2.2 kb message yields detectable PCR products with 
molecular weight of 1.3 kb and 1.0 kb respectively (Fig. 17b). In contrast, PCR products 
representing the 2.2 kb messages were not clearly amplified with the A2 and A3 primers to give 
the expected 0.8 kb and 0.5 kb products, respectively. The 1.5 kb message failed to be amplified 
with primer A to a 0.6 kb fragment altogether. The 0.6 kb fragment was expected if the 1.5 kb 
transcript arose from the alternative poly(A) site usage (Fig. 12). These data suggest, therefore, 
that the 1.5 kb mRNAs may not arise by the utilization of alternative poly(A) sites. The 2.2 kb 
species amplified using primer A could not be isolated by fractionation using agarose gel 
electrophoresis most likely due to the size proximity of the 1.9 kb species. Attempts using other 
methods to separate and enrich the 2.2 kb species' 3' end were not successful. Since the 
sequences at the genomic level in this region are at present unknown, further work is required 
for the cloning of this species either with the approach to genomic sequencing or using conditions 
that would enrich for the 2.2 kb species in the CHO cells. Often, only truncated ALG7 cDNA 
fragments were isolated which were most likely cloning artifacts. 
To test for the presence of ALG7 mRNA(s) with 3'-UTRs shorter than the 1.9 kb 
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transcripts, an alternative method, ribonuclease protection assay, was used to map the 3' end(s). 
The assumption was that the 1.5 kb mRNA shares the same sequences with the 1.9 kb species 
all along to the mature 3'end(s). The data indicate the presence of less abundant protected 
fragments of approximately 310 and 210 bp in size (Fig. 24), although in light of alternative 
transcription initiation sites, these protected fragments may represent degradation, products. 
The cloned 1.9 kb species has a canonical AAUAAA consensus polyadenylation signal 
and an alternative hexanucleotide AAUUAA located at 51 nt upstream from this AAUAAA. The 
3'-UTR has a 52% AU content which is a common feature (AU-rich) for the 3' noncoding 
region in many mRNAs. The 1.9 kb itself has multiple polyadenylation sites located at 12, 18, 
21, and 29 nts downstream the AAUAAA sequence. The site ending closest to the AAUAAA 
is the major polyadenylation site as evidenced by the frequency of the cDNA clones isolated. The 
remaining three poly(A) sites are minor ones. There are some mRNAs that have alternative 
polyadenylation sites using the same AAUAAA signal reported in the literature. For example, 
bovine prolactin (Sasavage et al., 1982), mouse ribosomal protein L30 (Weideman and Perry, 
1984), mouse dihydrofolate reductase gene (Hook and Kellems, 1988), and chicken MHC-A 
mRNAs (Volosky and Keller, 1991), all display multiple poly(A) addition sites using one 
AA U AAA consensus sequences. 
IL 5 '-UTR Heterogeneity 
Based on the location of the ALG7-specific primer within . the sequence for the CHO 
ALG7 cDNA, the major 5' cDNA obtained using PCR amplification migrates as a 960 bp 
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species, while the minor cDNA migrates as a 400 bp fragment. After subtraction of 35 bp for 
the oligo(dT)11-adaptor sequence the size of the 5' cDNA clone corresponds to 930 bp. This is 
in agreement with the size calculated from the published sequence of 928 bp (Zhu and Lehrman, 
1990). This difference in size between the two 5' PCR products would account for the difference 
in mRNAs mobilities exhibited by the 1.9 and 1.5 kb species. Moreover, this interpretation 
would be consistent with the Northern blot result using the EcoRI-XmnI probe. The 1.5 kb 
species was no longer detected using this probe which covers the entire 5' -UTR and 43 bp in the 
N-terminal region. Thus, it can be concluded that the 1.5 kb transcript has a different initiation 
site which would be located in the coding region of the 1.9 kb species. In this case, if the 1.5 
kb species is a functional mRNA, it would have to use the next available AUG initiation codon 
located 320 nt downstream from the first AUG. The second AUG codon is preceded by a poor 
translation initiation sequence (TGCTGC) which would to be a weak initiator (Zhu and Lehrman, 
1990).Aside from the above interpretation, another possibility would be that different sequences 
in the region spanned by the EcoRI-Xmnl probe arise due to alternative splicing or use of an 
alternative promotor. Further investigation using primer extension and RNAse protection assays 
should verify characteristics of the ALG7 5' ends. 
III. Possible Involvement of Alternative Splicing 
To date, the only information about hamster ALG7 organization at the genomic level has 
been reported by Sccoca and Krag (1990), who identified 4 intron sequences in the C-terminal 
coding region. Zhu and Lehrman (1990) also found one intron identical to one of the four introns 
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reported by Sccoca and Krag. These investigators were able to isolate only partial cDNA clones 
for the hamster ALG7 1.9 kb species (Sccoca and Krag, 1990; Zhu and Lehrman, 1990). They 
also have encountered difficulties in cloning the 2.2 kb species and they have not identified the 
1.5 kb species. Nevertheless , since the genomic sequence data are limited at present time, the 
involvement of alternative splicing in the formation of the 1.5 and 2.2 kb species t:an not be 
excluded. 
SIGNIFICANCE OF THE 3'-UTR IN GENE EXPRESSION AND CELLULAR 
FUNCTION 
In mammalian systems the physiological significance of 3 '-noncoding regions in various 
mRNAs has been well documented. For example, the 3'-untranslated region of the tissue 
plasminogen activator mRNA is critical for meiotic maturation of mouse oocytes (Strickland et 
al., 1988). The 3' noncoding region of the bovine interleukin-2 gene has been shown to act as 
a lymphoid cell-specific gene regulatory element (Reeves et al ., 1987), and the same region of 
the rat phosphoenolpyruvate carboxykinase contains a glucocorticoid-responsive mRNA-
stabilizing element (Petersen et al., 1989). Finally, the 3' noncoding region of the human 
creatine kinase mRNA have been shown to be involved in the efficiency of translation of the 
protein product (Lai et al., 1989). 
The 3' noncoding region of the yeast ALG7 gene has been shown to be an important 
determinant for the enzymatic activity of GPT and cell function (Kukuruzinska, 1992a,b). 
Perturbation of the levels and ratios between the two classes of the yeast ALG7 mRNAs affects 
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the level of the cellular activity of GPT, which, in tum, has profound effects on yeast physiology 
(Kukuruzinska, 1992b). Most likely, the 3' noncoding region of the ALG7 gene contains 
specific sequences that are involved in determining the efficiency of expression of its mRNAs. 
Recent studies have shown that the two classes of transcripts differ in their stabilities and 
translational competence, and that their relative abundance is regulated in respons~ to stress-
related stages in the yeast life cycle (Hiltz et al., 1994). Thus alternative poly(A) site selection 
represents an effective way of controlling the levels of the protein product. 
There are five potential secondary stem-loop structures in the hamster ALG7 1.9 kb 
mRNA 3'-UTR (Fig. 25). The AAUAAA sequence falls within the most downstream stem-loop 
structure. Although the function of these stem-loops is not known, they may be involved in 
mRNA degradation, interaction with trans-acting factors, or other interaction required for the 
formation of the mature 3' ends. The 1.5 kb species unusually has no AAUAAA sequence or any 
other alternative hexanucleotide as the polyadenylation signal. This is not the first case reported 
where such a phenomenon occurs. A number of mRNAs have been reported to contain no 
recognizable AAUAAA element, i.e. no sequence differing in less than two nucleotides from the 
consensus. These include mouse dihydrofolate reductase gene (Hook and Kellems, 1988), human 
cyclin D (Yue et al., 1991), and mouse sperm-specific c-abl mRNA (Meijer et al., 1987). 
Comparison of the sequences in the proximal region of the 3' ends of yeast and hamster ALG7 
mRNAs, reveals several conserved motifs such as GAUUAU, UAUUGG, ACUUU, AAAGU, 
and UAGUU that are considered to be involved in the 3' end formation for the yeast ALG7 
mRNA and also occurs in the yeast CYCl mRNA (Russo et al., 1991). If the 1.5 kb species is 
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indeed a functional transcript this suggests that the formation of its mature 3' end(s) occurs in 
a similar way to yeast. These sequences would represent evolutionarily conserved class of signals 
involved in the mature 3' end formation. The broader usage of this conservation is, however, 
unknown. Different and additional factors may be used in this process (Chen and Moor, 1992) 
and they may participate in more complicated mechanisms in the regulation of gene expression. 
One additional important finding from this study should be emphasized. In the hamster 
submandibular and parotid glands only one major class of transcript 1.9 kb is detected (Fig. 20). 
No other sizes of transcripts were seen on the X-OMAT AR film even with longer exposure of 
the autoradiography ( data not shown). Other data from our laboratory show that only 1. 9 kb is 
expressed in hamster liver but interestingly, 1.5 and 1.9 kb ALG7 mRNAs are utilized in mouse 
3T3 cells. These findings clearly demonstrate that ALG7 mRNAs are expressed in a tissue-
and/ or species-specific manner. This again reinforces the importance of the heterogeneity of the 
ALG7 mRNAs and its possible involvement in regulating gene expression at a posttranscriptional 
level. Further studies are needed to elucidate these complex features of mammalian ALG7 gene 
expression. 
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CONCLUSION 
1. The hamster ALG7 gene displays complex transcription pattern, since it gives rise to three 
major mRNAs by the alternative use of transcription initiation and polyadenylation sites. 
2. The 1.9 and 2.2 kb mRNAs arise by differential use of poly(A) addition sites, resembling 
the paradigm of the yeast ALG7 gene. 
3. The 1.5 kb mRNAs share the 3' end with the 1.9 kb transcripts and they most likely arise 
by the usage of an alternative transcription initiation site downstream from the 1. 9 kb 
initiation site. 
4. The 1.9 kb transcripts are themselves heterogeneous, and utilize poly(A) addition sites at 
nucleotides 12, 18, 21 and 29 downstream from the AAUAAA signal, resembling the yeast 
ALG7 mRNAs. 
5. Secondary structures (stem-loop) in the 3' UTRs of the 1.5 and 1.9 kb mRNAs may be 
important in defining the biological properties of the 1. 9 kb transcripts. 
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Fig. 1. Proposed common pathway for the biosynthesis of lipid-linked oligosaccharides in yeast and higher eukaryotes. 
Abbreviations are: GlcNAc, N-acetylglucosamine; Man, mannose; Glc, glucose; dol-P, dolichol-phosphate; arrow, dolichol 
pyrophosphate. 
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Fig. 2. Schematic diagram of oligosaccharide processing on newly synthesized glycoproteins. 
The reactions are catalyzed by the following enzymes: (1) oligosaccharyltransferase, (2) a-
glucosidase I, (3) a-glucosidase II, (4) ER al ,2-mannosidase, (I) N-acetylglucosaminylphospho-
transferase, (11) N-acetylglucosamine-1-phosphodiester a-N-acetylglucosaminidase, (5) Golgi a-
mannosidase I, (6) N-acetylglucosaminyltransferase I, (7) Golgi a-mannosidase II, (8) N-
acetylglucosaminyltransferase II, (9) fucosyltransferase, (10) galactosyltransferase, (11) 
sialyltransferase. The symbols represent: closed square, GlcNAc; opened circle, mannose; closed 
triangle, glucose; opened triangle, fucose; closed circle, galactose; closed diamond, sialic acid. 
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Fig. 3. Structures of the major types of asparagine-linked oligosaccharides. The boxed area 
encloses the pentasaccharide core common to all N-linked structures. 
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ORGANIZATION OF THE ALG7 GENE 
I Open Reading Frame mRNA 
• 
I 
TATA Element 
Transcription Initiation Slte(s): TC(G/ A)A, RRYRR 
I Transcription Termination: TAG ... TAGT~ .. TTT 
4 
Fig. 4. Structure of the yeast ALG7 gene. The sequence between ATG and TGA codons represent the 1.34 kb open reading frame. 
R, purine; Y, pyrimidine. 
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Fig. 5. Schematic of the Polymerase Chain Reaction procedure used in the amplification of 3' 
and 5' ALG7 cDNA ends. 
(a) 3'-end amplification: 1 µg of poly(A)+ RNA, either from the hamster submandibular 
gland or from the cultured CHO cells, was used to synthesize the first(-) strand in the presence 
of 20 pmol of the oligo(dT)11-adaptor in a final volume of 20 µ1. One microliter of ,the cDNA 
reaction mixture was then used in the 3' end amplification in the presence of 25 pmol of ALG7-
specific primer A, and only the adaptor sequences (25 pmol) instead of oligo(dT)17-adaptor to 
prevent mispriming due to poly(T) sequences. The amplification proceeded through 30 cycles. 
(b) 5'-end amplification: 1 µg of poly(A)+ RNA and 20 pmol of ALG7-specific primer C 
were used to synthesize(-) cDNA strand. Primer C was then removed, and the cDNAs were 
tailed with poly(A) residues in a 23 µl final volume. One microliter of the poly(At RNA 
containing cDNA (-) mixture was then amplified through 35 cycles using 20 pmol of each, 
oligo(dT)11-adaptor and primer B. For further details see Materials and Methods. 
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Fig. 6. Structure of the hamster ALG7 1. 9 kb cDNA. The region between the ATG and TGA codons defines the open reading frame 
of 1.37 kb, as reported for ALG7 from mutant CHO cells. Four arrows in the open reading frame represent intron locations (Sccoca 
and Krag, 1990). The locations of the primers used for 3'- and 5'-end PCR amplification are indicated. Primers A, Al, A2, and A3 
were used for 3' -end amplification and they are presented in the sense orientation. As indicated in the diagram, primers homologous 
to sequences located further downstream from primer A will yield progressively shorter amplified cDNA fragments. Primer B was 
used for 5' -end amplification and it is shown in the antisense orientation. Primer C not shown in the figure, was homologous to 
sequences approximately 30 nt downstream to the primer B. Tue sequences of all the ALG7-specific primers used in the PCR 
amplification are presented bellow: 
Primer A: 5'-GTG TTT GTG GGA GAT ACC TIC TGT TAT m-3' (30 mer) 
Primer Al: 5'-GGA GAT GAG CTA TIC CAA G-3' (19 mer) 
Primer A2: 5'-CCG ACT CTI CTA TGA TGT C-3' (19 mer) 
Primer A3: 5'-CCT ATA CTC CAA GGT AAC C-3' (19 mer) 
Primer B: 5'-TCA TGC CAG CAA AAT AAC AGA AGG TAT CTC CCA CAA ACA C-3' (40 mer) 
Primer C: 5'-GAA GTG TCC CAA GAT TCC CAC C-3' (22 mer) 
Oligo(dT)17-adaptor: 5'-GAC TCG AGT CGA CAT CGA TTT TTT TTT TTT TIT TI-3' (35 mer) 
Adaptor: 5'-GAC TCG AGT CGA CAT CG-3' (17 mer) 
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Fig. 7. Diagram of pBSM13 + vector containing the Kpnl restriction fragment (470 bp) of hamster ALG7 gene. The Kpnl fragment 
was inserted into the Kpnl sites in the multiple cloning region in pBSM13 + plasmid (Lehrman et al., 1988). This 470 bp fragment 
contains 195 bp of the coding region and 275 bp of an intron. 
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EcoRI-Xmnl 
e EcoRI-Xmnl: 440 bp 
e Xmnl-Kpnl: 410 bp 
e Kpnl-Kpnl: 278 bp 
e BamHI-EcoRI: 981 bp 
e Apal-Apal: 463 bp 
e Pstl-Pstl: 223 bp 
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Fig. 8. Diagram depicting the probes isolated from different regions of the hamster ALG7 cDNA and used for Northern and/or 
Southern blot analysis. Four arrows in the open reading frame represent intron locations (Sccoca and Krag, 1990). The probes BamHI-
EcoRI and Pstl-Pstl contain some plasmid sequences and they are indicated by the thinner line. In the EcoRI-Xrnnl probe (440 bps), 
only 190 bp, depicted by the solid line, have been shown to be ALG7-specific, while the rest of the region, shown by the dashed line , 
has not been identified as ALG7-specific. For detailed description of all the probes see Materials and Methods. 
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Fig. 9. Schematic diagram depicting the cloning and colony lift hybridization screen of the 
ALG7-specific PCR products. After the 3' end PCR amplification cDNAs were fractionated by 
electrophoresis on a 1.5 % agarose gel and DNA fragments of interest were excised. DNA 
fragments were recovered by electroelution (Sambrook et al., 1989) with the use of dialysis 
membrane tubing (Spectra/Por, Spectrum Medical Industries, Inc.). The recovered DNA 
I 
fragments were then blunt-ended with T4 DNA polymerase and phosphorylated with T4 
polynucleotide kinase. pBluescript II SK +/- (Stratagene, San Diego, CA) vector was linearized 
at the SmaI site and dephosphorylated with CIP (Calf Intestinal Alkaline Phosphatase). 20 ng of 
pBluescript vector and PCR-amplified cDNAs (1: 1 to 1 :3 molar ratio of vector:PCR insert ) 
were mixed in the presence of 10 X blunt-end ligation buffer (Sambrook et al., 1989) and 20 
units of ligase (New England BioLabs) in a final volume of 5 µ.I. The mixture was incubated at 
l6°C overnight. The recombinant plasmids were used to transform XL-I Blue competent cells 
(Stratagene, San Diego, CA). Colonies with the plasmids containing ALG7 inserts were 
identified using colony lift hybridization screen and the Kpnl restriction fragment (470 bp) 
labeled with [a- 32P]dCTP as the probe. Positive signals were selected and verified by restriction 
analysis carried out on plasmid DNAs prepared by alkaline lysis method (Sambrook et al., 1989). 
All probes were prepared in the same manner as those for Northern analysis except the labeled 
hamster ALG7-specific genomic or cDNA probes used for hybridization were at 1()4 cpm/ml. 
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Fig. 10. Schematic representation of the pGH3'981 plasmid used for RNAse protection analysis. 
The plasmid contains a 981 bp cDNA fragment of hamster ALG7 gene inserted into the Smal 
site in the multiple cloning region of pBluescript SK +/- vector. The pGH3'981 was digested 
with BstYI and the T7 promoter/polymerase was used to synthesize antisense RNA of 688 bases 
' in size. This antisense RNA includes the entire 3 '-UTR of the 1. 9 kb transcript and 67 bases of 
the C-terminal coding region. RNAse protection assay was carried out using this 688 bases of 
[a- 32P]CTP labeled RNA as a probe to map the 3' end(s) of the 1.5 kb transcript. 
94 
1 2 
285-
185-
1 2 
28S-
18S-
Fig. 11. RNA blot analysis of ALG7 transcripts. Poly(A)+ selected RNAs were isolated from 
' 108 CHO cells (FastTrack Kit, Invitrogen Co.). The probe consisted of the Kpnl restriction 
fragment of the hamster genomic ALG7 DNA labeled with [ a- 32P]dCTP using the random primer 
method (see Materials and Methods). Lane 1, 20 µg of poly(A)+; lane 2, 6 µg of poly(A)+. 
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Fig. 12. Amplification of the 3' ends of ALG7 cDNAs. Poly(A)+ RNAs from hamster 
submandibular gland (S) and CHO cells (C) were reverse transcribed, and the resulting cDNAs 
were amplified using the ALG7-specific primers as described in Materials and Methods and in 
Fig. 5a. 
(a) 1.5 % agarose gel electrophoresis of the PCR products in the presence of ethidium bromide 
(0.5 µglml). Lanes Ml and M2 represent DNA size standards consisting of Haelll digest of 
cJ>Xl74 DNA and Hindlll digest of lambda DNA, respectively. 
(b) Southern blot of the agarose gel, shown in (a). The cDNAs present in the agarose gel were 
transferred onto a nylon membrane (GeneScreenP'll8) and hybridized with the Kpnl probe (470 bp) 
(see Fig. 7) labeled with [a- 32P]dCTP using the random primer method. The arrows indicate 
three major ALG7-specific cDNAs amplified, approximately 1.0 and 1.3 kb in size. The 
submandibular gland has much weaker signal but also shows major bands after longer exposure. 
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Fig. 13. Amplification of the 5' ends of ALG7 cDNAs. Populations of reverse transcribed 
cDNAs from the hamster submandibular gland (S) and the CHO cells (C) were amplified as 
described in Materials and Methods. 
(a) Ethidium bromide staining of the PCR products after electrophoresis on 1.5 % agarose gel. 
Lane cp represents DNA size standards consisting of Haelll digest of cj,Xl 74 DNA. 
(b) Southern Blot of the agarose gel in (a). The probe was as described in Fig. 7. One arrow 
points to a single ALG7-specific cDNA detected in submandibular gland (S) and two arrows 
point to two species amplified from the CHO cells. 
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Fig. 14. Colony lift hybridization screen using the Kpnl probe (470 bp) (see Fig . 7) labeled with 
[ a- 32P]dCTP. PCR products from the 3' amplification were fractionated on the 1.5 % a¥arose gel, 
excised, cloned into the pBluescript vector, and the resulting recombinant plasmids were used 
to transform XL-I-Blue competent cells. Colonies with ALG7-containing plasmids were 
identified using colony lift hybridization screen. The arrows indicate potential positive colonies. 
Selected positive colonies were further verified by mini-prep DNA analysis and sequencing. 
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Hamster ALG7 Gene 1.9 kb Transcript Sequence 
1--1-/ .... GUUCCCUGAAGACUGAACUGCCCAUAGCCUCCGUUGGACCUCACC 
CAGGACCAACCUGUCUGGUCCAAGACUGCCUUCUGGUCCAGGCCU 
CUCCAACUGUUGGUUUUUUCAGUUUUGUUUUCAGCUUCUCCCAUC 
ACCUGUAAUGAUUAUUGGCCUGGACCUUAUUGGACUUUAAAGUCC 
AUUAGUUGCACUUUGCCCCUGGCUUUCUUCAGCUUGCUACUCUUC 
CCCUUUCUGUCCCAUCUGCAGCACCAUAAGGGGGAUGUAGCAGCU 
CUUAUGCAAAUACAGCUCAACUUUCAGAGCCCUGCAUUUGCUGGAC 
CUUGAGAGAGAACCUGGGCUAUGUGCUAGAGUUAGGGCCCUAUAC 
UCCAAGGUAACCUCACAUUUGACUUUAAAAUUAAGUGUUCUGAUUA 
GGAAGAUCAGAGGCAGGGCCAUGUGCUCAAAAUGGUGACAAUAAA 
GGAUUGucuuuu\cuuGcuucucucccuc 
Fig. 15. Diagram of the entire 3 '-untranslated region with multiple functional poly(At sites 
around the preferred 1.9 kb poly(A)+ site. One major polyadenylation site and three minor sites 
' 
are located 12, 18, 21, and 29 nt downstream from the AAUAAA signal. Four potential stem-
loop structures are underlined (for more description see Fig. 25). 
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Southern Blot Analysis 
(a) 
ALG7 mRNA species 
1.9 2.2 kb 
Expected sizes of PCR products 
0.6 1.0 1.3 kb 
0.3 0.76 1.1 kb 
0.5 0.84 kb 
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(b) , 
Fig. 16. (a) Diagram of the 3'-end amplification using different ALG7-specific primer A, Al , 
A2, or A3 as upstream primers and the same adaptor as the downstream primer for different 
PCR reactions . (b) Summary of predicted molecular weight of PCR products amplified from 1.5, 
1.9, and 2.2 kb ALG7 transcripts using different primers , assuming that all the mRNAs differ 
in their 3' ends. 
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Fig . 17. Amplification of the 3' ends of ALG7 cDNAs using primers A, Al, A2, and A3. The 
cloned BamHI-EcoRI (981 bp) restriction fragment of the cloned ALG7 cDNA was used as a 
probe for Southern analysis. Poly(Ar RNAs from CHO cells, hamster submandibular gland (S) 
I 
and liver (L) were used for reverse transcriptase-mediated PCR. 
(a) 1.5 % agarose gel electrophoresis of the PCR products in the presence of ethidium bromide 
(0.5 µg/ml). Lanes M represent DNA size standards consisting of Haelll digest of c/>Xl 74 DNA 
and Hindlll digest of lambda DNA. 
(b) DNA blot analysis using BamHI-EcoRI probe. Lanes labeled A, Al, A2, and A3 indicate 
respective primers used for amplification. PCR amplified cDNAs of submandibular gland (S), 
liver (L), and Chinese hamster ovary (CHO) cells are indicated. 
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1 2 
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-1353 
-1078 
- 872 
- 603 
Fig . 18. DNA blot analysis of 3' -end PCR amplification products. Only CHO cell cDNAs are 
I 
shown. Lane 1, PCR products were applied to a 1.5 % agarose gel directly; lane 2, PCR products 
were heated at 65°C for 5-10 min before loading onto a 1.5 % agarose gel. 
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4 5 
• 2.2kb 
• 1.9 
• 1.5 
Fig. 19. The RNA blot analysis of ALG7-specific transcripts. The probe consisted of BamHI-
EcoRI restriction fragment of ALG7 cDNA (Fig. 8). Total RNAs from CHO cells were isolated 
' 
according to Chomczynski and Sacchi (1987) or Davis et al. (1986). Poly(At and poly(A)" 
RNA were selected using oligo(dT) cellulose (Davis et al., 1986). Lane 1, 5 µg of poly(A)"; 
lanes 2 and 3, 1 µg of poly(At; lanes 4 and 5, 5 µg of total RNA. 
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Fig. 20. RNA blot analysis of ALG7 rnRNAs using an internal Kpnl (278 bp) restriction 
fragment as a probe (Fig. 8). Total RNAs from CHO cells, submandibular, and parotid glands 
' 
were isolated as described in Fig . 19. Lane 1, 1 µg of poly(At from submandibular gland; lane 
2, 1 µg of poly(At from parotid gland; lane 3, 5 µg of poly(A)" from CHO cells; lanes 4 and 
5, 1 µg of poly(At from CHO cells; lane 6, 5 µg of total RNA from CHO cells. 
104 
28S-
18S-
1 
18S-
1 2 3 4 
2 3 4 
• 2.2kb 
• 1.9 
Fig. 21. RNA blot analysis of ALG7-specific transcripts using ApaI (463 bp) restriction 
fragment as a probe (Fig. 8). Total RNAs from CHO cells were isolated as described in Fig . 19. 
' Lane 1, 20 µg of poly(A}; lane 2 and 3, 3 µg of poly(At; lane 4, 20 µg of total RNA. 
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Fig . 22. RNA blot analysis of ALG7-specific mRNAs using an EcoRI-XmnI (440 bp) restriction 
fragment as a probe (Fig. 8). Total RNAs from CHO cells were isolated as decried in Fig. 19. 
' 
Lane 1, 20 µg of poly(A)"; lanes 2 and 3, 3 µg of poly(A)+; lane 4, 20 µg of total RNA. 
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Fig. 23. RNA blot analysis of ALG7-specific mRNAs using Pstl (223 bp) restriction fragment 
as a probe (Fig. 8). Total RNAs from CHO cells were isolated as decried in Fig. 19. Lane 1, 
' 20 µg of poly(A)-; lanes 2 and 3, 3 µg of poly(At; lane 4, 20 µg of total RNA. 
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Fig. 24. RNAse protection analysis of ALG7-specific transcripts. Two and six micrograms of 
poly(A)+ RNAs from CHO cells were hybridized overnight at 45°C to the 668 bp ALG7-specific 
antisense RNA labeled with [a- 32P]CTP. Yeast tRNA was added to each reaction as a carrier 
so that the final amount of RNA was 20 µg. The negative control consisted of 20 µg of yeast 
• 
tRNA. The unhybridized RNAs were digested with RNases A and Tl at 37°C for 1 hour. Each 
sample of protected RN As was subjected to electrophoretic analysis on 5 % or 8 % polyacrylamide 
gels (Bio-Rad, Segue-Gem Sequencing Gel set-up) containing 7 M urea at 1200 V for 8 hrs. 
Lane 1, Phi-X standard; Lane 2, B-actin control standard (300 bases); Lane 3, Hamster ALG7 
antisense RNA alone without RNAse digestion; Lane 4-6, Hamster ALG7 anti.sense RNA 
hybridized with CHO cell mRNAs with RNAse digestion. The arrows indicate the protected 
fragments of the major 1. 9 kb mRNAs in CHO cells. The two smaller protected fragments 
shown by arrows may represent degradation products. 
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Yeest ALG7 3' l1TR: 
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AGATTATGTA TTGGTAGTTA CTTTGTACTT TTATGAcJcl AAAGTTGGTA TTTATGAT,J eo 
' 
1 
TTA TTTAGTT ATCGA TTGAG TCAAA TCGGC GAAGTATTTT TGGCGCTGCA CGACAAGTCA 120 
2 
CTTG1:CCAGC CCTTTACTTC GTCTGTTTTT ATGCTAGCTA CAGCCCC.AAA GAAATCATCG 180 
' ' AAGTTTTTCG TTCTTTGATT CCTCTCGTAC TCAAAACATG TACAGCATTC ATATTTATCG 240 
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Fig. 25. Yeast ALG7 3'-UTR sequences and secondary structures. Analysis of the secondary 
structures was conducted using PC/GENE software program. The sites of mature 3' ends of yeast 
' 
multiple ALG7 mRNAs have been mapped to bases 38 through 74 for the shorter class, and 
bases 188 through 194 for the longer class (indicated by the arrows). The locations of the 
thermodynamically stable stem-loop structures are underlined and numbered under appropriate 
nucleotide sequences. 
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CHO ALG7 3' UTR: 
' GTTCCCTGAA GACTGACTGC CCATAGCCTC CGTTGGACCT CACCCAGGAC CAACCTGTCT &0 1 
GGTCCAAGAC TGCCTTCTGG TCCAGGCCTC TCCAACTGTT GGTTTTTTCA GTTTTGTTTT 120 
' . . CAGCTTCTCC CATCACCTGT AATGATTATT GGCCTGGACC TTATTGGACT TTAAAGTCCA 180 
TTAGTTGCAC TTTGCCCCTG GCTTTCTTCA GCTTGCTACT CTTCCCCTTT CTGTCCCATC 240 
TGCAGCACCA TAAGGGGGAT GTAGCAGCTC TTATGCAAAT ACAGCTCAAC TTTCAGAGCC 300 
CTGCATTTGC TGGACCTTGA GAGAGAACCT GGGCTATGTG CTAGAGTTAG GGCCCTATAC 3eo 
TCCAAGGTA ACCTCACATTT GACTTTAAAA TTAAGTGTTC TGATTAGGAA GATCAGAGGC ~ 
3 
AGGGCCATG TGCTCAAAATG GTGACAATAA AGGATTGTCT ni1Acnob TtiTCTCccn! 480 
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Fig. 26. CHO ALG7 3'-UTR sequences and secondary structures. Analysis of the secondary 
structures was conducted as described in Fig. 25. Similar to yeast ALG7, stable stem-loop 
' 
structures may form in proximity to the mature 3' ends of the 1. 5 and 1. 9 kb classes of hamster 
ALG7 mRNAs (indicated by arrows). The AAUAAA signal used by these transcripts is itself 
located in one of the stem-loop structures. 
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